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1. Deacrigtion or Ag&tus

Q.

In Sect.lon T of this ma.nual o nention was made of exe
m.ly ‘how the varicus elements of an ion producing,mass analygzing -
systen were assembled to give a practical unit, the mass spectro-

meter tube itself. Figure I1.1~1 ehowa the design of ‘bhe tube

-adbpted :tor t.he present mat.rument." T '

:h:ﬂa'g;l.sas envelopa which 13
t‘ubs by, means of a Kovar-to-glass
‘tHe colleetor plate is madé of nickel
rather than copper to avoid the mﬁ&raticn of metal on t.he muh-

V=

| t:lon anpport:lngﬂthe Oollector lead. =

: The gas to be ana.lyzod 18 fed into the instrunent t.hrough
t.he gas inlet as shown and 1s pumped away through the 1~5/8" copper:
pump lead shown, By feeding the ges directly into the source, -
_the pressure there will be considerably higher than in the rest of
' -the apparatus, & ‘Teature which is- des:rable since it gives the
meximum ibl .of "inco

to give an alectron beam which 1sgcaught by ‘plate T, '

tron beam is kept accurately aligned by means of a magnetic f:!_.eld
produced by an Alnico magnet which surrounds the tube; the mag-
netic field may be in either direction. _The two poles of this-
umetareindi‘catedinthedrawmg Referring to the main drawing, -
we see that the electron beam cross sect.ion is indicated as s hoavy.
dot imdiately above the slit m plat.e S, the ehield.

“Tons f’ormed by collision’ of “the eIectrons with the gas
nolecules are drawn through the slit. in.S apd accelerated through
a series of plates J1, J2, 93,.95 and Gi. Wt snd. J2 are: aiasplit
pcir and’ permit one to bend the bean £o one. aide or the other to
-oompensate for _imperfections in the eligmaent. as well as for the
- slight bending of™ the ion beam prodnced by the hagnet £ield used
. for aligning the electron beam. The. renainder of the plates. form
a:lens which not only increases the int intensity of ‘the ion beam en-
- tering the magnetic analyzerh but als prévents a dropping off of
ion intensity. fér all but the lowest en energy ions, The two plates
»marked G are grounded along with the magnet.ie e.nalyzer housing to
v which they are tled, Two plates are usied ihstead of one for ]

‘reasons only, The following table gives t.antative ]
opcrating curranta and voltagea ror the ion- source. )
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Total Electron Emissionl ...ue... 100 to 200 x 10™° Amps
Electron Trap Current .......... At least 90% of ictal
electron emission

Eleciron Accelerating Potential. 75 T 5 Volis
Potential between S and J1 ..... 10C Volts

. Potential detween S and J2 ..... Almost identicsl to J1
Potential between S and 33 ..... 120 Volts
Potentlal between 8 and G ...... Adjustable 0-2500 Voits
Potentizl vetween J5 and G ..... 0.6 of potential SG

Since the ions are formed in_ the box attached to S, it 18
obvious that the potential drop SG is equal to their energy when
‘they enter the magnetic anslyszer. The radius of curvature of the
center line of the analyzer tube is 7.62 cm. Mass 14(N}), the _ U
lightest ion we intend %o memsure, should be collected when i%s E
energy is 2100 volts, slightly less than the meximum availabie
voltage. Thus, according to Equaticn {(11) of Section .5, the
field strength of the magnetic analyser should be given by:

- LU = 4.82 x 1075 (7.62)2 B2/2100
or > |

H = 3250 gauss

Alsc, according to this equation, the mass of the ion
collected 13 inversely proporticnal to the voltage applied between
S end G. Thus, mass 28 (COT or N¥) will e collected when the po-
tential from S to G is 1050 volts, etc.

Energetic ions siriking a surface will releese secondary
electrons of low ener;y. 1In order to prevent any such secondary
electrons emitted at or ncar the céllector from being collected
and hence ziving false readings on the amplifier, a weak magnetic
tield (not shown in drawing) produced by a smali permanent magmed

is directed across the tube snd parallel to the slit in front of
the collector,

b, Vacuum and Gas Connections to Spectrometer Tube

Figurse I1,1-2 shows the vacuum and gas connections em—
ployed on the line recorder frame. These connections have the
function of mdmitting the zas sample to the spectromster tube
and providing means for continuously evacuating it. Heans are
also provided for introducing a smell quantity of argon into the
gas stream as a ealibraiing gas to show any changes in sensitlviiy
ceused by the aging of the tube, etc. (It is recommended that this
argon equipment be removedjef Section IX.2-b). A metered sample of
gae 18 introduced at the tube rack gas inlet and flows through the
chemical trap 151 into the spectrometer tube. This gas sample may
contain 616, 816, nitrogen, oxygen, and possilly ceriain other zases.
The chemical trap removes the 616 but leaves the other components

- wnaffected. The flow of 616 present is determinsd frow tke total
flow rate by subtracting the flow of impurities. The immurities are

ity o
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deterained from the seadings of the apectromster. In order 4o ‘evac-
uate hs speetrometer twoe, Aiffusizn pump 159 in smployed. Ion
2aze 150 is used %o wmeasurs fhe creslure at the pukp leac waile the
diffusicn pumg serves o maintain the high degree of vacuum required
Por thg successicl cperuiion of he spectrometer tube, namely 1072
to 107 ‘millimeters of mercury. The diffusion pump isfHucked” by

the fore pump. The oil trap is included so that, in the ewent “hud
the fore pump should fail, %the oil from the fore punp . will aod e
dramn into the diffusion pump. Pore pumps ars gnararéeed ageinst
this oil leakage, but sven the heet rumps sometimes “heck up? if
left over night with a vacnun above them shen they are not running.
In order thut this should not ocour duping normal shut-donn, valve
164 is provided hy ehich the systen may be vented to the atmeosphere.
Thermocouple jeugss 162 a2nd 165 are arovided for measuring the fore
vacoum, 162 at the diffusion pump and 163 at the fore pamp. T@o
sauges are provided so that the diffusion pump may be isolated and
*he fore pump usea for cother pumping at times. Vaive 163 is pro—
vided for this purpese. This is permiissible because the design

or the ciffusion pump used on the line recorder s such that the
diffusicn pump can operste for a period of about fiften minudes

with typicsl operating flow conditions without the fore pump, bee-
fors the fore vreusure rises to the soint where the diffusion pump
ceasss to work. Valve 153 is incorporated so thet the diffusion fore
punp may be used tc pump domn the gas lead before opening it to

the spectremeter, after making any changes.

33

The Gotted lines indicate “the sysiem for admitiing argen.
The leak 187 is a wery smali pinched tube 2nd is suck == to Grop
the pressure from atmospheric *c sbout 1C-7 mm of mersury ané hence
provides a very smell flow. Rssorvoir 156 is for storing avgon ad
.18 xopt at = pressure of 5 psig. Valves 161 znd 158 are used for
refiliing the reserveoir with argon and are equipped with a fitting
to whick an argon tenk msy be athachad. A fore pump conneciion
through valve 157 is includsd to svasuate the reservoir before
fiiling.

¢. Electricsl Connections betweon Comoonints of L ine 1ecergsr

In orcer that the line recorder may funeticn, it is nec- -
egssary that certain voltages and currents be zuppiied tc the spec-
trometer tube end that some means be provided to measure the ion
current and gas flow. It is alsc desirabie that the pressure ab
the fube "e measurea. For these reasons and 40 recors the resulta
of the analysis, certain elsctronic components are reguired. &
schematic disgram of these slectronic circuits and their elsctrical
conusctions is included as Figurs II.1-3. The voltages which are
required Ior the operation of the spectrometer tube are provided
by the kign voliage supply, control tanei, ana emission regulator.

iy
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The enisulcn regalatsr furnish
zainder of i1z scurce and provides fiiam.nc Lur
that the total emizsion ramzins sonstant

The icnization zage {ion gage contrel und ion yage “ube)
Serves o indiecat & prassur: at the spectromsier tude and 15
equipped so that i3l purm Lisell und the speserrcumeter tube
filament off i- *he “a*uum arould tsecme %rdq 30 poor Lhet
thers 13 a pessibili’y of burning out 2 filsment. The clectronic
part of dae ion > PEXIOTE3 4 trigie.fnnctict, It provices he
ion gzage with =3 g potentials, Smrnisghes it with Tilament

Y

o
zd 8¢ as to 2old +he eni2sicrn consbtand
ures the ion current of ﬂae ion zeze wabe.

current regulicd

ang meas-—
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ceampiifier and amplifier sarve ithe ;mpor:art e

tion o§ weasnr_ag the ion current. These ;urrnrsd ney be =28 swmall
as 107~ amperss and still be measurable. The amplifier consizts
essgn:iaﬁ'y of a sensitive wmcuum tube vo*twab Th v;ng & 5 x 107
onn gzrid rssisvor. The wait includss o power supyly furnishing
well regulated direost currcent Sor bhe coerziisn :f the nmpiifiar
and preaupliiior,

The -woll ybabiliger is a sommereial shabliiziag unit
which ig interded "o smooth cuvw the fluctuations in the 115 wold
slvernzving currany chtained from The mains. This makes :be e
Sign of the reguicied uowar supplizss in the other units uuch
simnler sinee thay Jo not then have to cose with suek lerze Zluce

The Pirani gage control servas the funciion of providing
2 means of reading the {Jow and providss the necessary woltage o
man the zagze, “ﬁe Pirani zage 1s used to xeasure the flow rate
S0 that any wvariaticns in it arfect the eccuracy of resulis; asnce,
the care sxercised  n thiz seemingiy zimapls unii.

The last but by znc mean least importiant uwnit is the re-
corder. IThis unitv is the “braia® of Sz iLine recorder and serves
-the wpurpose o recording :he gises of the icn peais corresponding

i
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to the various gas components to be measured and the Pirani zage
reading. To do this, the recorder switches the voltages on the
spectrometer tube to the required value for each ion to be mea-
sured, selects the sensitivity of the amplifier, and records the
output of the amplifier. The ion peaks are thus examined in some
prearranged sequence which is continuously repeated. The result

iz a set of curves which show the variation of each component with
time,

The cable connections between these variocus unite are ine
dicated in Figure II.1~3 and any numbers referred to will be from =
that figure, Cables 1-3 and 2-4 connect the ion gage circuit with
the ion gage tube, one carrying filament current and operating
voltages and the other carrying the plate current of the tube to
the control circuit for messurement. Cable 5~10=36-17-28-30 is a
stabilized 110 volt feeder carrying current to the various units.
Cable é~8 carries alternating current to the emission regulator
to operate the filament, which will be turned off if the pressure
rises above the safe limit. Cable 7-11 carries operating currents
and voltages from emission régulator to tube source while cable
9=15 carries the accelarating voltages from tontrol panel to .
emission regulator. Cable 16-23 carries high voltage from the -~
high voltage supply to the control panel and cable 19-25 ¥upplies
the high voltage supply with power: Cable 18-33 enables the re-
corder to control the accelerating voltage while cable 27~34 en=
ables it to select the amplifier sensitivity and carries the
amplifier output to the recorder for measurement. Cable 12«13
connects the Pirani gage with its control while 14-32 feeds the
Pirani gage signal to the recorder. Connection 20-21 carries
the ion current to the preamplifier for measurement and cable
22-26 interconnects preamplifier and amplifier. Cable 35 connects
the recorder with one or more master recorders, Connections 25
and 23 are to ground. Connection 31 brings in the operating vol-
tage supply.

d, Electronic Units

The subject matter of the following is the description
of the various units contained in thé relay rack. ;

The appearance of the front panel of an ionization gage
is indicated in Figure II.1~4. The controls are labelled and have
the following functions i : :

The instrument (in this section all titles on the panels
are underlined) switch is a meter switch by means of which the one
nmeter may be used for several purposes., In the position labelled
check emission, it reade the amount of filament emission and should
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reed & on the scale. The second position, cheex sengitivity, is
used to measure the sensitivity of the amplifier poriion of the

e
o

ion gzage contrcl. The meter shouid read 5 ab this position if
the amplifier is properly belaacet according +o the methods thal
follo®. In the taird position, ion gsge, the meter reads pres-
sure in the line recorder tube. The fourth position, ion game -
autsmstic, is the same as the third except that the ion gage
will turn off both filaments in the vecuum system if the pres-
sure becomes liigh enough so as to endanger the filaments. The
scale factor switch determines the factor by which the meter
reading is multiplied to give the tube pressure in miliimeters
of mercury absolute. The gcale fsctor switch should be left im
the off position when making other tests. The ion gege ampli-
tier may be balanced by setting the scale factor switch to the
off position and the instrument switch to ome of the ion gage

positions. The knob labelled balance is then sdjusted until
the meter reads 2ero.

If the meter does not read £ on the check sensitivity
position of ‘the instrument switch after ihe amplifier has been
balunced as described above, the screwdriver adjustment labelled
sdjust located under the label sensitivity should be set so a8 to
obtain this reading.

If the emission does not have its proper meter reading
of 8, the knob labelied regulate should be adjusted mmiil a point
is found at which a small change of that knob produces very little
or no chunge in the emission. If the emission stil: does not give
a reading of 8, the screwdriver adjustment labelled adjust lceated
under the label emission should be set to give the proper value of
emission. The reguiate knob should then be checked aguin to see
that the knob is so set as to have a very smal: effeci on the

emission. If such is not the case, the process just described
should be repested.

The switch labelied nower is a warm-up switch and is
turned on several ninutes before the other switchés. The wpush
vutton labelled filament on 1s pushed to turm cn the ion gage
itgelf. This should not ve done unless a sparker applied to
the glass of the vacuum system indicates a good vacuum. 1f ne
‘glow or only a very pale one is seen when the glass near the
diffusion pump cold trap of the tube rack is touched with the
sparker and if a pronounced greeniksh blue glow is seen from the
mercury jet in the mercury diffusion pump vhen the sparker ig
applied to the upper porticn of that pump, the pressure is low
encugh tihat the ion gage may be safely tried. It is of no use;
however, to try the ion gage unless the cold trap of the dif-
fusion pump has been cooled with liquid nitrogen or dry ice
slush, since the vapor pressure of mercury is above the upper
pressure limit of the icn gage al room: temperature.

-
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The trip push button is included o check the cutoff fee-
ture and vwhen pushed, should turn oif the ica gage. The arid switch
alions the pric of the icon guege to be heated vigorously when turneéd
on znd may be of some useé in obtaining a somewhat higher degree of
vacuum on a new or recently opened system., The grid should not be
heated unless the "black vacuum" test has been passed. 'Bhen heated
thus, the reading of the ion gage will increase considerably but,
after & few minutes, will generaliy begin to drop back towarc nor-
3al. The zrid shouid not be hoated for more then sn hour or twe
at a time since further neating does little or no good. During
normal operztion this feature is not used.

If the pressure ia sufficiently low, the ion gage may e
turned on. This is done by turning the vower switch to the on
position &nd vaiting for a few minutes, after which the filement
gn bution mey be pressed. This should be done with the instrument
switch in the 4om gage sutometic position. When this is done, the
filament on the ion gage shouid iight anc a red light should appeer
on the front panel above the push button. If the pregsure is higher
than the value at which the ion gage turns itself off, the pilot
light will light momentarily and go out. The value at which this
happens should be sbout 5 x 10~ s> ¥hich can bs determined roughiy
by setting the gcale factor switch to the 10™5 position and coserv-
dnz the meter when the filament on tutton is again pressed. If the
meter reads zero before the button is pressed and goes up to three
or higher after the button is pressed, and then the filament iurns
off, the pressure is actually higher than the accepted vaius and
one should wait for five or ten minutes and try again. If one
suspects that the pressure is only alightly higher than the #cut
off point"; the presiure may be measured by turning the scale
factor switch %o 164 s the jingtrumert swiitch to ion gaE:Fe, and
pressing the buitton. If the preasure is belgw 2 x 10™%, the ion
gage may be left on for short periade of time, but the emission
regulator should not be turned on. buring normal operation of
the ion gzage, the instrument switeh should bes in the ion gage
automatic position and the seale factor awitch should be turned
as far in the clockwise direction as it can be without gotting
the meter off scale. The semsitivity, trip, snd balance snouid
be checked cccasionalliy as describec before.

' The appearance of the frort panel of an smission regu-
lator 1z shown on Figure II.1~-5. The emission regulator, as its
name imylies, controls or regulates the elesctron emission Trom
the beated tungsten filement ilocatec in the line recordsr wube
source. 1Its electronic circuit is dGesigned So thet constant
emissicn is obtained even though the filament current regquire-
ments should change, a3 is the case when the line recorder tube
pressurs is changed. It also compensates autcmatically for any
change in the voltaze of its ascurce of power. In additlon ts
regulating emission, the emissicn regulater provides a stabilized

ey L
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volieye supply Tor use ir aceslerating she elecirons eru uiviain-
ing the proper potentisis on the trep, 51, J2, and J3. The iro-
cedure for operaving this it sropsrly im in many ways siadlizy
to that for wihe Zen zmge. Once the pressure in the line r2vcrasr
wube has become 5 x 10™0 millimeters of nercury 9r lsss, :he mig~
sion reguletor may Be turnsd on. The proper procedure in deing
this iz as {ollows:

1. Throw gower switeh to en position and allow e
minute or two for warm up.

2. Set instrument switch to emissicn x 4 and sev
coarge emission switch to position 7. Also turn
regulate knob counterclockwise as far as possibis.

3. Throw filament switch to on position and turn
gu__lata noo slowly slockuise while watching
the O to 50 nicroampere meter. As tie reguiate
kmob is turned the emission will be observed to
rise to & definite value and then show little or
| 4 no change in emission as the regulate knob is
| turned olockwise shrough = considersoie angle.
If the regulate knob is turned clockwise a saf-
ficiently lavge emount, the emission will again
: rise. However, the proper adjustment of the
< . reculnte knob is in the region where slight
changes in its positicn does not result in a
changed emission.

4. The actual esmount of emission reguivrea is now
obtained by adjusting the emission control xnecos.
If a large adjustment is required tne regulate
knob should e readjusted to insure that it is
in the operating vange. Generally the emission
shouid be between 100 ané 207 nicroamperes. JShould
emissions leas than 50 microamperes be cdesirsd, the
instrument switéh providés a tap, i1, which decreasec
the ranze of the emission meter by four.

To measure the itrap current, the instrument swilch is throen
to the irap position. TVhen the source magnet i3 properly adjutateﬁ, '
the trap current will be at lsast 90 per cent of the emission cux‘rent.
An 4. C. ammeter (shown on the left side of drawing in Figare II.1-5) is
provided ro measure ths current requireu to heat the fll&nen The '
reading over a long period of normisl operation will be observed to
decrease slowly due to deterioration of the filament. Its principal
purpese ia to give some indieation of the {ilament conditions.
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at the propar placs o ¢harte In
8ffsct, the reecordsr 22 e pregram weich gove-
erns the peaks o be scanmed hv the lige recerder.
The line racordsr is 3o congiructed that i oan
3can elght difforent wossas { corresnonding 4o 3he
alght chanrela, i %c B), “he 2ira:

the amplifisz sero. The e 5
in vret seguence, and wi% T3

ars prinded.

in a typical sequence of
Right print wess twenny-
lernsie peins), nass siniy-nine twice, the Plrandi
twice, snd sach of masses wEeaty, tairty, foriy-ifour,
ana the amplifisr zers snce.
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2. The L & N rcecrder Teerrds, 07 orinding upen & chary,
the intensities of the vrrious peaks the lins recorder
Scans at the Sime ths noeks are seannsd. The motion
of the chav provides the tims zeals.

The L « & recorder is driven oy 2 syachrsnous motor {anot
shown in any drawings) which supplies both the motive power Jor the
device and the time scale for =ll iis “urciions. The chart consists
of a rell of apecisily printed zaper Witk & working width of ten in-
chea. There ars a hundred and sne cgnelly spaced lines running ver-
tically along the roil, at ons—tenth insh intervals, with fifth and
tenth lines accs.ted., The chart moves deonn au o Sivec spded vwhich,
in the line recorder. is uzually throe inehzo per hour, Horizonial

nininininly
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“ines are prirted at half inch intervels. sc that theve is a horizcntal
iline for svery ten mimutes of recerd.. A sample of chart, as prinved,
;s included in Figuve II.1-6. The poinis to De recorded are printed
by & print vheel which prints in sequence 8, 1, b, 2, €, 3, 4y 4y 8

5. Ty 6, g5 7, h, and 8. (Or all except the first few upiis, the print
wheels will have various symbols, such as dots anc crosses, rather
than the letters and numbers. FKech of these points 1s inked by =
separate ink pad, so that coler codlng wey be nged in addition to the
latiers as printed. ‘

The print wheel iz shifted from cne pcint o the next in
sequence DYy & cam arrangemeni once every twanty-foxr seccends. Simtale-
sanecusly, two commutators tuilt into the recorder ¢~ also shifted.
tne of these comuutaters supplies the operating curvent for the re-
l2ys in the control panel whick select tre toint on the high vecltage
divider from whick the sceelerasing voliage i3 picked and in this
wanner determine the pesk %c be measgurced. 7Hhen printing amplifier
zerc, the commutetor aciuates a relay whnich slters the voliage on
plate 3. The accelerating voltage is ssro. Wesen printing the
Pires:, the Pirani ecircuit is comnecied directiy o the L & N re-
corder in place of the cutput of the ampiifler.

- The sccond commutaior carrise the smplifier output, gslect-
ing wonich of the sensitivity ewitches on the amplifier panel shall e
used to control the sensitivity of the signsl being racorde . for
toth amplifier zero and Pirzni, the signel is automatically recorded
at maximum senaitivity. .

While any given saquence of cperation could be dztermined
by “he interrsel wiring of the L & X vecorder, much greater flexi-
piiitv i3 obtained by wiring the progrsam connectiorns in an AN con-
pector (with twenty-six contacts) which iz screwed into the back of
the racorder. Two such "program pluge? are requirad for each re-
corcder, cne for the sensitivities, and the other foxr zelscting the
accelerating voltage. Then, in ord2r 1o change “he program, one
mersely unscregs the progran plugs for the old progran and inserts
plugs wired up to give ths new program.

: The amplifier panel layout is pictured on Jigure o=,
The amplifier is a hundred per cent negative ieed bhack ampllfier,
sco that no voltage ampilficetion cccurs. However, extremely high
current amplification takes place, sc thel ion currents on 107

smperes and greaier are brought up to convenient values. {About
2 kalf millismpere.)

A8 is characteristic of direct coupied amplifiers, the 220
reeding {reading for zero input signal) wili chirft slightly with time.
This drifs is rather grest when the amplifier is just turned ca, wud
after geveral hours has decressed to reaconable wvsiuss and after some
twenty-four hours of operation will be, when the amplifisr iz cper-
ating propsriy. one or two scale divisicns on the recordsr, on the
nest gensitivre shunt. in ' ’

m
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The amplifier outpah msy be read on the _gg:dgg_\_, neter '.ovztnd
oca ite pacel. This sutput meter has a zensivivity shunt 2L I4is own,
which is conitrolled by the sensitiviiy switeh ilnmsciately beneeth it.
Yken on shunt zi, the output meter reads twenty nillivoa. ts full zcale.,
Since the meter is divided into %en divisions of two millivols units
.;a.ch, cach division on the output meter corresponds to s scalie divi-
zica on the L & N recorder, when the receorder is operziing at its
maximum zensitivity. For other gensitivities than xi, the rsading
of the gutput meter {or, of course, thc recorder) is multiplied by
the number at the sensitiviiy switch.

Coarse, medium. and fipe sero adjustments {marked balance)
are included on the panel. To adjust “he soro, the zcsslerzior volt—
age selector of the main control penel {Figure 1I.1-%} is set to off
position and the balance switches so adjusted that ths output meter
reads zere on the nost semsitive shuat.

- In =ddition o the semsitiviiy switeh for the output meter,
thers are eighit semsitivity adiusting switches wpurked A to H mounted
on the amplifier panel for sach of the cigh% channols provided by the
main control panel. The zero is always printed at maximum sensitiv-
ity, so that it requirss no switch. The path of the amplifier output
when actuating *he L & § recorder is as fcilows: From the amplifier
to the commutetor, through the commutator to ths program plug that
selects sensitiviiies, thence to cne of the eigat sensitiyity switches
on the amplifier panel, thencz back to the recorder galvanometer
through the sensitivity vecltage divider in the amplifier.

Due to the long period reguired by tho amplifier to reack
equilibrium, o that zero crift reaches its proper low velue, it is
advisable to keep the amplifier on at &li times, even when a tube
vack has no vactum in it., The first two stages of empiification
take place not in the amplifier circuii proper, but in a preamplifier
which is :uovnved on the tube rack. This arrangement minimizes shield-
ing and leakage problems for the very small ion currents being measured,
- The amplifier should not bs twrned om unless it is properly counected
to the presmpiifier, slthough it is not necsasary that the preamplifier
be connected o the spectromstor fube.,

. The main control panel is pictured in Figurs II.1-8. 1Its
vrinary function is to set sand control the switching of the accelerat-
ing voltage applisd to the mass spsctrometer tube. “Some twenty-five
mundrad volte are brought Trom the high voltage supply to the main
contrsl panel. Here, this voliage 18 applied, through & variable re-
aistance ralled the trimmer, to two voltage dividers. One of these,
the manual divider, is adjusted by thres swiiches on the front of the
panely the acceleraiing voltage caz, by use of this divider, ke ad-
justed to any woltage from the maximum {az supplied by the high volt-
age supply minus the érop in the trimmsz) to zerc.
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The other divider ir zade up of 2 ussriesg of potenticmeiers
end fixed resistsuces. The zenie— ‘-;aps on the wosenilome ~...ers ars
adjustable with serewdriver adjustments on “he Zront of the pansl.
to give = varietwy of fixzed ‘,,-celero ing waltages. Zight of th 82
fized points ave coanscicd %o relzys {la*::-l%;l:-fa A te ¥) which, when

cloged, connsct their correspeniing coint
dlvicder is also comnected to a relay whic
A tenth relay iz uvsed %o changs the vol
zero 1s qesirsd.

e tube. The manual
ch ssyvesa ths same ‘unction.
v2gs on J 3 when the ampiifiesr

c-(
s
[s]

The operation of the relays iz controlied uwy dthe switch mari-
ed adceleration woitage selector. Thisswmitch, when “urned %o the record
pasitioa, supplles the voliage selzsctor commutator in the L & N reccrder
with & voltage source which is used to sctuate (through the program plug)
the re.ays in the control panel. All but the mancal »2lay may be acituat-
od in this menner. If it i3 dosired 4o have the L & !N recorder select
the voltage at which the manusl divider i3 set at one or more print

-

ints, it is necessary to connect once of the eighit rolaya {correspond-
3

SLEhL

ing to one of the eight channels *mzilaol,) to the manual divider,

Then the gceceleration woltage selcctor i turned to the point
check pesition, the relay actuating voliage goes, not to the commutator,
but to the point selector switeh. This swiitch is connected, in turn, to
each of the eight relays that give ride %o the eight available channelas.
Hence, when the point selector switekh is turned to position C, relay C
is shut, thus applying to th2 spectrometfer tube the acce..eratwg voltage
determined by the point cn the fixed voltage divider to which relay C is
connected. The eight screwdriver adjusimerts on the front panel corres-~
ponding to the eight relays are tagged with the appropriate letters. If
the internal connections of the panel arv changed, go that say = .Lay B

is connectasd to some other fixzed peint, the teag B on the frout panel i3
moved accordingly.

When the acceleraiion wolhtages selechor is turned %o manual,
the accelerating voltuge dehermined by the marmal divider is applied
to the spectrometer tube due to the closing of the proper relsy. When
it is turned to either off posiiion, the Tolizge on J2 1s altersd so
that the amplifier zero can bs detvermined.,

The voliage on plete J5 ia set by the feeus switeh on the mein
control panel. For this purposc =n auxiliary veltags divider is in-
-stailed across the voliage output to the spectrometer tube. This divi-
der is used to make the wvoltage on J5 some [ ixed (but adjustable on the
pansl) fraction of the total accelerating voliage.

The trimner is used to zet the overal... voltage across the fixed
divider so that the range coversd by each of the fixed points sill be suf-
ficiently grcat to enable setiing of the voltege te properly adjust that
peak in the tubs. The gfrimuer cnehlss one. te take into acecount the slighily
different magnetic field intensitiss that may be supplied by the main mag-
ent., It wilil usuaily be sufficient o adjust the trimmer if the high volt~

age changes slightly, rather than to adjust eech mdividual fixad point
separately.

/.5'
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2. Menifold Asgeabdly

T ) 3 o4 e dal = e
In the Z-25 plant ithere ars oo

: = 3 Tecsrders for ezch build-
ing. TFor uss in the nlant. some means o Lriaging o samu’ie af ‘;e gas
W B2 analysed 4o the vube rack i3 essentizl, w2 are unethoda of zali-
wrating the instruserts. The wanifold assemtliy, o ";ivﬂ he - tabe

racks are ca"mecuea, contalns the auxilizry ocuipment neocegsury Lo en-
able the africient usze of tue liznsz rgeoraers in J"‘}'::lnf’ the protess

stream. The manifold assembly, = flow snset of »hich s given in
Figure 11.1~9, containe the folicwing ecuipment:

1. Leaks %o contool an :1 Piran’ zages to measure the gaz
flow % the tube racks.

- 2. 4 gerdes of valves and hesdars 3o eaable either iine
recorder Lo be conrpocted o any aell in the building
while the othsr line rscorder i connecitad to any

other {or the sams) (,e.a.}.a

3. Calibreiing samples for static calibroticu of ihe
line recorder,

4. Pumping sguipment 40 enabla the determination of
reziduzis, tho static salidreticn, and the operation
of the sampling menifold.

5. 4 sampling menifold Yo enable fhe removal of sam
of the plant strean from szy cell,

6. Air flow =nd srocess strean flew measr‘*'ing agparaius
for the dynsmic ceiibratioa of the lius rscorders.

- -

7. Ceonnections to the dry wnit
of the zample lines in a =

sogen supply %o enzble murging
211 4o te shut down.

The nmanifold ssscmbly is zir concdticned in those regicne in
vh* cn the sample streem flows. A& lisby of the varicus parts of the mani-
fold assembly {Figurz 11.1-3) follows. 7alwves are nct included in this
1ist. A zg_lobe or angle valve is indic'-‘naa -2  zné a tee valve
2y . .
4 tee 1valve alveys permits flow from a to b, and permitas flow to ¢ when
the valve i3 opensad.

Yitea, -

DARTS LIST FOR THe ANIFOLD ASSEMBLY ol
(Figure 11.1-9)

Parts listed do not include velves, sxeevt for 109

Part Number : Descrintion
o /
(1} through (14) Incoming and outgoing sempls Lines from cells/
{1) througn [14) /
71 through 74 _ Ac.aua?.z-.ule #aaicg
‘105 lixing Yenturi

b~
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Feyr dumbew Cagovdntion
ich =5 P
ice Sop Lo 2. ting Ciow
110, U1 R ers fov mewmgariny Gir low
132, 4% Tharmoenupls J2¢%38
113, 24 Pizoni Cages
115, 119 Soivtios to hoid 2alibraving wamples
ii8 Sanmpie
120 1] o
120-1, 120-%, 120-3 Sy ]
ReEN ' Fowrs pump
22 0il <rap
i23 VMercury Diffusicn pump
124 : Cold Trap:
125 through 128 Flow prepertioning resizvances
129 Air fIlter
145, 146 Gonpar sweas nouplings

The tube rack iz deseribed in Se

gotion ITI.l-b of this menael.
There, in Figars II.1-2 is =hown where gzos ent
<
Lé

sntere the tube rack. The
rating conditions is a few
micrens. I+ now remains to be shown how the flew of gas samples or
unknowns into the tube rack may be comtroiled.

The necessity of controlling the zas flow into the tube rack
urizes from two factors:

1. The pressure in the cgample lin2 wmay vary from = centi-
meter or 50 to scme S0 cemhimeiuers of mercury.

2. The %ube rack ic ailt to cpsrate at Pireni gege reading
near £0, {10C milliveolsas; =aich corresponds to o {low

of 40 mg of 416 per day or 1/40 cc mz/sec.

These conditions are sufficiently rigerous that such a velve
mist be comatructed in a mammer quite differeat from an ordinaxy walve.
The device constructed for the job is called an adjustable leak sad is
ghown in Pigure II.1-5% and II.1-10.

/Tha leak ig edjusted by turning the handle of the clamp which
in “urm causes the shoes to move on the inclinsd planee, thus increasging
or decreszing the pressurs of ihs jaws on the leak tube. The compression
of the tube about the snug-fitting plug controis the gas flow. The capil-
lary at the entrance to the lesk is used %o prevent fractionstion of the
gag tassing through the leak. If 1t wsre not rregent,; the composition
of the gas entering the tube rack would nct be the same -as thav of the
gample under analysia.) Evidenee that ths capillary tvbe actually pre-
vents such fractioratidn is vreseated later in this razport.




The Pirani gagse consists of a Monei block criiled to racsive
a nickel filament wound of three mil nicksl wirs. The ges flowing to
the tube rack i admitted to this cpsaing. Ths aick:l wire is heated
by a current from the Pirani sugs ci-cuit. Ths offzctive resisitance
of the wire is then dependent upen the pressaers in the cpening. {see
further Section I.1). The Pivani cireuit is 2 bridge circuit with the
Pirani 7ilament as one arm of the bridge. Lncther arm of the bridgs
consista partially of a nickel rssistance mountsd in the same block as
the Piranl filament sc as to give temperature compenssation. Tempsra-
ture compensation can be cbtained in this mananer only at some definite
operating point of the Pirani. Two such ciremite are built in one unii,
tae front panel of which is pictured on Figure II.l1-12.

. : _ The Pirani circuits obtain their power from the voliage stab-

k . ilizer. A transformer plus a rectifier in each circuit gives & pulsating
direct voltage supply of constant amplitude. This voliage 1s applied
across the bridge through & variable rasistance which is adjustable from
the front of the panel to enable setting “he toial dridge current to iis

. correct malue of 90 ma. This sdjusiment nust be made carefully as a two
per cent change in bridge current will correspond to aepproximetely a five
per cent change of output, in the opposits dirsction.

- The output is read on a metsr connected acrcss the bridge in the
conventional manner. The reference ppint cn one side of the meter is ad-
justable sc that thae bridge may be balanced at zero pressure., The meter
reading is then, over a limited range, nearly proportional to pressure.
The meter used reads 100 mv. (fifty recorder scale divisions) full scale
and may be adjusted to read 200 m7. full scele by throwing %the meter

- switch to the down position. The L & N racorder is connectad to the
sace points of the bridge as the outpul meter.

In order to facilitate ihe description of the operation of the
menifold assembly, it3 use ia the waricus funciions for which 1t is in-
tended will be diseussed irdividuzlly. Flow diagrams are included in
which the parts of the manifcld aszembly used in each specific function
are accented to show the manner cf operation. Then a change is made in

- meanifold operation. necessary valves are clogzed befcrs any are opened.

Normal operation of the line recorder which will occur for NORMAL
the greater portion of the iime is shown in Figure II1.1-13 for the case OPERATION
where tube rack A is connected to cell {1) and tube rack B to cell {14). OF THE LiN
The paths of the sanple streams ave indicated by the heavy lines. The  RECORDER
dotted lines indicate tha sample of ges bled through the leaks 1o go
to the tube racksa. _

The spaces detweer leak 73 and valve 33 and betmeen leak 74
and valve 8/ are shown evacuated, as is necessary to gst a true analy-
3i3, since any gas behind these leaks would go through them and mix
with the gas being analpzed. This spece has, as a procaution, %o be
evacuated at least once a dsy. It would seem the besi procedure o
j pump on it continuelly by leeving valves 83, S4, 91, 92 and 96 open
except when it is necessary to use the diffusion pump for some otizer
purpose.

18-
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Figure II.1-1. shows the setup for deternining residuals on STATIC
tube rack A Wwhile tube rack B is connected to cell {1k):; Before valves CALIBRA-
99 and 98 are opened, liquid nitrogen should be placed on cold trap 124 TION OF
to trap the 616, Note that valves 80 and 82 are cpened to pump out the LINE RE-
space up to valve 78 preparatory to using the sample in bottle 116. [

After the residuals are determined, valve 91 is shut and
valve 78 opened to admit the sample in bottle 116 to tube rack A.
Figure 11.1-15 shows the conditions in. this case.

The final step of the static calibration is the calibration
with air. To.do this, the space behind leak 74 must be evacuated which
is done by closing valve 78 and opening valves 91 and 92, This is
shown in Figure II.1-l;. When a vacuum has been atbtained, valves 96,
98 and 99 are closed and valve 100 opened admitting air behind the

T leak, Valve 100 should be opened partially and then cloged again since
the pressure behind the leak need not be atmospheric. This condition
of operation is pictured on Figure II.1~16.

In order to return the machine to normal operation, valve

100 is closed and valves, 96, 59 and 67 are opened, The cold trap,
124 is also warmed up with the heater provided for that purpose. The
liquid air is, of course, removed before warming up the trap. When
the cold trap is warm, valves 99, 62 are opéned to discharge the trap

| into the process stream after whic¢h valve 62 is closed. When a

‘ : vacuun is attained behind leak 74, valve 84 may be closed. This re-

| turns the instrument to the condition shown in Figure II.1-13,

|

|

The line recorder may also be calibrated dynamically. This DYNAMIC
. is done by measuring the flow of gas in the sampling lines and adding CALIBRA-
, air at a known rate, This increases nitrogen and oxygen contents of TION OF
the analyzed gas by a known amount and thus affords calibration in=- - LINE RE-
 formation. The means by which this is done are shown in Figures CORDER

I1.1-17 and II.1-18. Provisions have been made for the addition of
air only to the gas flowing into incoming header X so that the con-
ditions for calibrating tube racks A and B are nob identical.

The calibration of tube rack A is shown in Figure IT.1=-17.-
For this operation, the manifold is as it is used for normal opera~
tion except that valves 57, 61, 109, and either 101 or 102 =re open.
Valve 109 i8¢ a valve capable of fine adjustmeént that is used to con-
trol the flow of air into the manifold; The flow in the sample line
is measured by means of the Venturi meter, 106, while the flow of
air is measured by either of two rotameters. The low range rotameter
is used whenever it is on scale in order to obtain as much accuracy
as possible, If the desired flow of air can be obtained with either
valye 57 or 61 closed the calibration should be made in that manner
since the operation of the mixer is more efficient under these con-
ditions. It will be noted from Figure II.1-17 'that valves 60 and 70
are also open. These valves are opened {o by-pass some of the gas
from the sample lines in case there should be more flow than can be
read on the Venturi meter. These valves are to be regulated to
bring the flow to some suitable value. To return from dynamic call-

bration to normal operation, it is only necessary to close valves
57, 61, and 60 if they were open.

97
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The dvmamic celibretion of relcy rack B I shown in Figure
~1.1-18. UWhen the calibrsiion is mave thus, the zas frem incoming
header X flows sast tube rack B and into c¢utgoing header Y. Gas f’rom
incoming header ¥ Ilows past ltube rack 4 and Into cutgoing header X.
Thiz fact must oe remempered when connecting these headers to the
proper ssmple lines. ZThe operation of the air sddéition equipment

is the same as when calibrating the cther tube rsck. In the eveat
that 18 .should prove necessary to use valves 50 and 70 to bypass

a part of the flow, valves “8, and 67 should be closed and outf*oing

header I thould be connected to thes same zample line as outgoing
header ¥. ’

|_.x; [/

. The actual description of the manner in which the sample TAXTAG
manifeld is manipulasted to take a sample for anslysis wil. not be SAWPLES

discussed here. The manrer in which the sample may be brought o
that manifold will, however, be mentioned here. In one case it

is necessary to sto.: using at least cne line recorder temporarily.
The manifold tlow sheet for such a process is shown in Figure II.
i~19. The gas from cell 2 flows through inecominy header ¥ pasi
the leak for tuve rack B through. the sampiing setuy end out through
outgoin: header X. Valves 59 and 67 are closed as are all valves
on outgomv header Y.

inother manner of removing a sample proceeds as follows:
The volume enclosed by valves 90-1, 68, and 69 is flushed out with
The Valves 68 zind 69 are then shut end this space is svucuatec
hirough. valve $0-1. ¥hen a sufficiently good vacuux is obtained,
the sample may De zcmitted through either valve 68 or 6% into botile
120, =fter which valve 3C-1 i3 shut. By vse of this method, a sample
nay be taken {rom either of the twe cells on which line recorders
are operating without disturbing this operation.

Other methods suggest themselwes, but the finai decicion
18 left to those who must operate this equipment.

f. Leboratory ianifold ‘ a

Line recorders may oe operated at times in the maintenance
sheép and in the physics laborstory. At scch times, a manifold simi-
lar to thet of Tigure 11.1-20 is of uss for mixing ca.libratlng samples
and introcueing them on unknown samples to the tube rack.
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20 Operétion of the Line Recorder

i

a. Function of the Line Recorder in the E-25 Plan}

For the proper operation of the X-25 plant, it is impe—na-
tive thet the composition of the process stream be known at all
times and at meny points throughout the plant. This knowledge is
vital not only in determining process conditions but also in de-
tecting any leaks as soon after formation as possible. It is
desirable to measure the nitrogen, oxygen, 816, and 816 content
of the process stream continuously and to check occesionally for
the presence of such gases as N0 and CCy. Sincs a leak which
is large enough to cause considerable harm may contribute only
a few per cent to the 74 content of the process stream, it is
desirable that the line recorder be able to distirguish changes
of a few per cent in the gas composition. The ccmposition may
range from much less than one per cent to over seventy-five per
cent 74. The ra~ge over which the £16 may vary is not nearly -
8o large, but the problem of analyeis is complicated by the fact

that variations are small and are prope.gated slowly to the po;nte
Aof line recorder sa.mplingc = o

-

It is desimd that a cdz)tinuous record be kept of the
canposition of the process stream at the end of each building and
that provisions be made for measuring the camposition of the pro-

_cess stream at each cell if such need should arise. The continucus

anslyses are intended to detect, primarily, an abnormal rate of
inleaknge as soon as it occurs, so that, if it be serious, immediate
steps may be taken to combat the trquble. The check on the indivi-
dual cells is intended so that the cell where the abnormal leakage
is occuring may be located. In the event that the inleakage is so
small as not tc be detectable by means of increases in concentration
during operation, lsaks may frequently be located by isolating a
single cell and determining the-rate of pressure build up. An ab-
normal mte of bulld up then mdi.c.ates abnomal 1nleaknge.

A lme recorder as’ recelved from the manufacturer is not
capable of* doing the above. It must first be assembled, started
up, and’ calibmtsdo It is then I'B&dj to go into operation.

e L
LRl

'b. Asﬁmbly N
‘It is not intended to discuss in this manual the mannsr

in which the tubs rack or electronic units for a line recorder are
assemblsd. The assembly procedure -is shown in detail in Gemeral

. "Electric’s reports on the line recorder, and the terms used arse
'given in these reports. However, certain parts of.the assembly
procedure will have a definite effect on the final operation of

the tube rack and are not straightformard. It is desired toc em-
phasize here a few such points. : .

-y

s
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1. The trapezoidal pols Taces should be accurately aligned
: in respect t. the mapnet yoke. The desired dimensicns
are as follows:

2. The horizontal faces of the trapezoids should
be 2" below the center line of the pump leed
and exectly parallel to the upper milled edgs
of the magnet yoks.

b - The distance from the upssr obtuse angle of the
trapezoid should be exactly 6=7/8" from the out-
side milled surface of the base cf the magnetl
yoke.,

fter these adjustments have been made, the screws hold-
ing the trapezcids should be tightened and the trapesoids
should not be disturbed at any subsequent time.

2. The Line Recorder tube should bs placed in the pillow
block and adjusted so that the plane of the copper
analyzer is parallel to the faces of the trapezoids.
The distance between the vertical center line of the
copoer analyzer, measured at the point where the pump ; S
lead is at-ached, and the largs milled outside sur- '
face of the base of the magnet should be exactly 5-13/16", '
Inasmuch as the copjer tubing is one inch in diameter,
it would be more convenient to measure the distanos from
the base of the magnet to the inside edge of the vertical
copper tube, This distance should bte exactly 6=‘=5/].6"D
In measuring this distance, care shculd be taken to choose
a part of the copper tube which is not bent or otherwise
distorted. After “hese adjustments have been mads, the

tube should be mounted firmly in place and not disturbed
at any later time. '

8. Befors the gas lead is connected to the tube, cut the
lead from the Argon leak to the tube near the point
where 1t ties into the gas lead and pinch snd solder

- shut both ends of the cut. (It is at present not in-
tended to use the Argon ocalibrating system and there-

fore it is to be removed from the equipment when it
is to be assembled). ‘ :

c. Sturting-up Procedure for Line Recorder

It is essumed that the line recorder is connected to
either a manifold assembly in the plant or to a laboratory
manifold. In either case, the spacs behind the leak or leaks
going to the tube rack is svacuated. (See, for example, the

method of obtaining residunls described in Section II.l-e of
this muinual.)

o— e
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All cable connections from.the tute reck to the slece

tronic. units are assuned already made and the preamplifier can
mounted and connectau to the amplifis, Then, the steps in
starting the line recorder into operation are listed bslow.

(A1l wquipment menticnsd is either on reiav rack‘, Part. II-?D,
or Lube ‘redk. shmm in Pigure IIcl°2)o .

le
2.

3.

4.

Tumon amplifier (Figure II.1-7).

Turn on fore pump. Valves 161 and 164 ars shut

all others open. (?1gure II¢1=2)

,.Vahen the themocouple gages (162 and 165 on I-‘igure 1l. 1-=-2)

indicate ‘8 vacuwa, the pump heater is turmed on, VWater-
must-at this time be’ flowing through the pump cooling

. jacket. _

One-ha1Z Rour or longer after a mercury beam forms in the

- diffusion pump and a black vecuum . is. obtained, liquid air
is put on the cold trl.p and dry ice slush 1s put on' the

) _chemzca} trap. :

5.

7.

85

‘_Turn on ion gage, em.saicn mgulator and high voltago
n\moly power am.tchee. .

Ten minutes later, the. iom gage filament is. tumed on,
. and tho grid may be outga.sse&.

~When presaure is leas than 5 x 10'5 mD. . of mercury, ,
turn-on the emimsion regula‘t:or and adjust the emissien

to 100 micrcamperos, Set acceleration voltage selector
on ‘main. control panel to the mnual posztion.

Adaust the scurcu mgne'c by eye so that tho center 1ine
of the polsés coincides with & lire pgarallel to the center

‘1ine. of . the gource box, but just above the lower face at.

the 1&?51 of .the apex of thé  filament hai:'pin.‘ The south

. seeking’ pole of a .compass should point toward the ‘magnot

- pole’ o the f{lament end of the source: boxr Hake minor
- adjustmerits in the position of the source magnet im order:

to maximize the trap current. The tras ourrent should be at
lenat" ‘§0% of the total emission. This- ahould be. obtained
w:.thout misa.lxgning the ‘mgnet a viszble amount. 2 If diffie

:cnlty is found in obtaining sufficient trap Surrent, it

- ' ind:.cate that ‘the filament }airpzn 13 not: properly
aligned or that somethmg ‘eise  is wrong. ‘There -is the

- remote possibility that the source magmet. is not- properly

mgneti..edt Its fiald when. measured in- the. center of
the air 289, should be 250 f 5@ gsuss. )

mng—

\/.’ /!/'3‘
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9.

10.

11.

12,

13.

14,

Mount the secondery electron suppressor magnet. The
center of the air gap should be along & horizontal
diameter of the collector housing and approximately
1/4" toward the sylphon coupling from the point between
the copper analyzer tube and the monel section. Its
field should be in line with that of the main and
source magnetis, -

!
Adjust the manual divider so that the measured shield %o
ground voltege is 1000 volts. Then JS is adjusted so
that the potential from J5 to ground is about 600 volts.
The remainder of the focus voltages are set on the
emission regulator panel as follows: The knob marked J1
and J2 is set on step 6. This will place these electrodes
at a potential of 108 volts below the shield. The knob
marked J3 is set at step 7. Its potential will then be
126 volts below the shield.

Magnetize the main magnet so that the mass 28 peak 1is
collected when the accelerating voltage is 1050 ¢ SO volts.
The polarity of the main magnet should be suck that when
looking . into the yoke with the poles toward one, the
north seeking pole of & compass points at one's right

when held near the marnet poles.

Turn on the Pirani gage circuit, wait wntil it reaches
reasonable equilibrium (it will drop slowly towards

-gero after being turned on), adjust the Pirani gage

gero to zero; now a small pressure of air is admitted
tehind the lemk and the leak is adjusted until the

Pirani reads about five scale divisions. (Ten millivolts).

Identify the various peaks in the machine. The large
peaks at this time should be found at masses 14, 17,
18, 28, 32, and 44. As an aid in identifying the
seaks one notices first that the ratio of the 28 peak
to the 32 peuk and the ratio of the 18 peak to the 17
peak are both nearly five to one, and second that the
product of mass number by accelerating voltage is
censtant (allowing for some non-limt-ity in the voltage
meter). If the 28 puak is not found in the voltage
range specified in (11) above, the magnet strength is
changed until this condition is rectified.

Reset the fine control for J1 in order to obtain

a maximum signal “or mass 28. The source magnet may
now be adjusted very slightly to see if a better
maximum can be obtained. However, in no case ghould
such an adjustment be mede at the expsase of trap cur-
rent, or in such a manner that the magnet is tilted
more than & degree of two from horizontal. If the:
poles on the source magnet are unequal in strength
it is posaibls that tilting the source magnet may
‘mprove matters. The proper remedy in this case is,
however, to recharge the source magnet.

_HY -
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15. fThe next cperation is to check the apparent resolu-

tion of the instrument. This is dore by comparing
the height of the valley betwsen the 28 and 29
peaks with the height of the 29 peak. Without
allowing the intensity of the 28 peak to drop to
less than 357 of the value observed in (14), set
J5 so that the valley is as low as possible. (These
two requirements, maximum peak height and minimum
valley, are conflicting. Hence the specification
that no more than 5% of the peek height is to be
sacrificed in. cobteining a small valley.) Following
the above procedure, the valley bétween the 28 and
29 peaks should not exceed 50% of the height of the
29 peak, 1If it exceeds 70%, it probably means that

: the tube is defective in some way. For an instrument
in which the residual 28 and 29 peaks are small com-
pared to the heights when air is flowing in, the ratio
of the 28 peak to the 29 peak should be 110 or more..

16. Set the points on the fixed voltage divider to.the
proper settings for all the peaks éxcept the mass 69 and
the mass 50 peaks (unless there is some gas flowing into
the tube rack giving rise to & peak, it is difficult to .
set the peak properly). : T g
17. With air flowing in at such a mate as to.make the Pirani
~ gage read 50, the 14 peak should have a height of fram
two to four thousand divisions. Undér these conditioms,
the ionization gage should indicate from 4 to 6 x 10~Smm.
above its residual reading. - (This holds for the case
where the total resistance to air at the Pirani gage is

$65 seconds per liter, ss will be true on all tube racks
as delivered.) - )

The tube rack is now ready for operation. But, if 616
is run intc the rack, one may anticipate a period in which all
surfaces from the leaks to the chemical trap are being conditioned
by the presence of the 616. In addition, the leads from the sample
bottles to the calibrating leaks must be similarly conditioned.

It will take a matter of several minutes to condition this region

where the pressure is high, whereas in the vacuum side of the leak
the process may take severesl hours, .

. The vacuum side of the leak, which includes the gas lines
and the Pirani gage, may be conditioned by either admitting process
atream or & calibrating sample to the tubs rack. This should be
done immcdiately after step (17) above in order that one may
operate the iine recorder as soan as possible.

d. Static Calibration

‘In order for the lihe recorder to be used

: as an analytical
measuring instrument

s 1t i3 necessary to calibrate the line recorder.

: s
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1If the Pirani gage wers a true flow measuring devize, one calibra=--
tion sample would bs sufficient. Since this is not trus, it is )
found that three calibration samples are necessary, Jme of ’chese ,
is ordinary room air., The other two are stored in the caxi‘bratzng
bottles built into the manifold assemnlv-

In the. following discusaaon, iy is assumed that the
pr:.nciple ccomponents of the gas being analyzed are €16, nitrogen,
oxygen, and 818, . The 816 content 'is asaumed to rise to not more
than a few per cent and other gases, such as SiFg, 002, BFgz, and
¥20 are assumed present to only a fraction of e per cent. The
‘line recorder. is. presumed to be in good operating condition,
Special attention is paid to the residuals, which should Yo within
the lzunits get i‘orth in Ssction II.é of‘ this xram:al/ '

The ,rocedure outlmr*d below is 'based upon & mode oi‘ ‘
opemtion of -1ine recopders in which the gas flow through the leak -
~ is kept to a constant YAlue, independent of gas composition er
pressure behind the lsak. ‘This means;, essentially, that ‘the
Pirani gage reading at which the line recorder is‘cperated: will.
have to be set im accordance with the gas composition, since the

Pireni gage reading fob constant i’low through ‘che “eak variaa
with gns composxtion. : . 4 . :

_In eddition, .u§e is.made of the- faet £hat the Yine
recordor output for a givon sample cah be var;.ed by a change
- of 'emission in 'u'der to make all line.- recordera read in the same
‘mammér for the mess 28 peak. It will then be fouhd that all line
-recorders will reed’ nearly the same for o1l othsr peakss The

sehsitivity for the 28.pedk to which all the line recorders are
to be adjusted is indicatau in. ‘the table below‘

Semsitivity . % Np per
. Shunt . - scale
' Settipg- _ , ‘Division -
:'1:-‘;“ . o.002 )
2 . - oioot
s 0.01
. 0.2 :
20 - 0,04 -
50 , 0.1

100 0.2 -




The method of using the three calibration gamplee to
determine first at what emission the line recorder is to be
operated to obtain the sensitivity for the ZE peak indicatsd in
the above table and second to dstermine in what menner the Pireni
gage reading is to be varied with the hoights of the warious psaks

in order to keep the flow through the leak constant, is discussed
below. The three samples used are:

1. Between 5 and 10% air, remainder 616,

2., One hundred per cent air.

3. Betwsen 5 and 107 air, about 2% 816, remainder 616.

The first celibration sample is admitted to the tube rack.
If this is the first time thut any of the spaces which are seen by
the sample during this process come intc contact with 616 since the
last time the spaces were exposed to moist asir, it is necessary to
use caution that the samile is not contaminated due to the reaction
with the surfaces. In order to jrevent this, all such surfaces may
be conditioned by admitting the sample, shutting the valve on the
sample bottle immediately, and allowing the gas thus admitted to
remein in contact with the surfaces being conditioned for several

minutes, after which this gas is pumped out and a fresh sample ad-
_} tted to the tube rack.

| After the sample is admitted to the tube rack (it is
- assumed that there is a vacuum bshind the other leak when using
the manifold assembly), the lsak is adjusted until the Pireni
gage reading prints at 50 on the recorder scale. Then the
emission is edjusted untii the 28 peak prints at a value that
corresponds to the per cent nitrogen in the sample in accordance
with the previous table. Thus, for & sample containing 10% air,
90% 616, the jer cent nitrogen im 7.8. ©Hence, the emission is ad-
justed until the 28 peak printc at 78 on shunt 50. In general,
the smissicn will be between 100 and 200 microamperes, with a
lower emisaion corresponding to a more sensitive line recorder.
Once set in this mamner, the emission is not varied until the next
time the rack is calibmted. If the emission should very from the
amount here, as determined by rehding the emission meter, it may
be set to the proper value with the meter.
-

It may be pointed out that in general the peak heights
will be nearly proportional to the Pirani gage reading, so that
if the Pirani gape were set at 49 instead of 50 when the emission
was adjusted, the peak should have been adjusted not to 78 on 50
but to 2% less than this or 76.4 on 50. :

The sccond sample admitted to the tube rack might well
\ be the 1L007% air. This will enable the determination of how the

'
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Pirani gage read:.rr is (..o be varied to compensate for the oxygen
(meagured by the 32 peak) and Tor the nitrogen ('z:ee.su'*ed by the i4

peak, or, wher it is on soble; by the 28 peek) present in the sam-
ple. : : :

 After the sample is aam1ttad to the rack the leak is
ddjusted until the 14 peak (the 33 peak will be off scale) reads
the proper value, thus .Lndicat:.ng that the flow through the leak
is the same as it was for the 7irs% sampie. By the proper value,
one means that the ratio of the 14 peak for 1007 air to the 14 S
peak for the first sampls should equel the corresponding ratic
for the per cents nitrogen ir the samples. Thus, in the case
‘ _ where the first sémple contains 10% &ir, the 14 peak for 100% air
- should be. ten 'bimes as groat as the 14 psak for the 10% air sample.

The Pirani reading vn.ll in general not be-30 when t‘qe
14 peak is adjusted to the proper valus. This deviation frem &0
represents the amount that the Pirani gage reading must be changed
to keep the flow constant when the gas composition is 100% air.
For intermediate emounts of air the devintion from 50 should de
proportionately less. For sonvenience, it is rscommended that
" & graph such. as that shown in Figure 1l.2=1 be. drewn from the dats
obtained from the first two calibration sampléso 1f the 32 peak is
off scale for the .second ‘sample, one uses the .faot that the ratio
of the 32 peaks for this. sample and’ the first sample is the same
as the ratio of the amounts.-of oxygen in the 'samplss. The Pirani
gage correction for oxygen. and nitrogen in any succeeding. sample -
may then be obtained directly from this graphe In plobting the
graphs, it is assumed that oxygsn and nitrogen contribute to the .
. deviation in .direct proportiocn to their abundance in the calibrae
“tion- sample.. To, use the araph in ‘obtaining the correct. Pireni
reading on.an umkmown sample, the Pirani is first set at about.
90 and then," from she 14°and 32 peak helgh$s in ‘conjunction with
- the graph, the Pirani correction is detemined by adding: together
the individual corrections for oxygen and nitrogen. The correciion
is now added to 50 and th. leak adjusted until the Pirani reads the
corrected value. It.will be found that the 14 and 32 peaks change
- with this . adjustment, which in turn changes very slishtly the cor-
rect operating value for the Pirani. This latter change may
usually-be neglected.’ It was endeavored,’ durwng dosign of the
line recorder, to make the nscessary Pireni correction due do° air
. as small as possi‘ue.‘ As a result, the corrections for oxygen.
and. nitroger will be negligible when the total: oxvg'en plus
nitrogen eontent of the samale is below 20%. -

=

‘rhe thix'd sample ‘o e admitted to ‘che ‘tube. rack, sample
Z.sbove, isiused to determiné how the Pirani gage reading is.-
varied. to keep the ‘gas flow constant when a sampla con'hamn 31& :
After the sample iz admitted ‘the leak is adjus‘had un‘cil the 28

S
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peak rsads the sroper value (for & semple with 10% air, 2% 816,
8877 6156 this is 78 on shunt 50) and the value of the Pirani reading
noted. The graph of Figure I1.2-2 is then constructed.

The method of using the grapha of Figures II,2-1 aud II.2-2
is then as follows:

1. The gas being analyzed is admitted to the tube rack
and the leak set so the Pirani reads approximately 50.

2. The 14, 32, and 69 peaks are noted.

3. The Pirani gage corrections due to the 14 and 32
‘peaks, as obtained from A & B of Figure 1I.2-1,
are summed and added to the Pirani gmrse reading as
given by Figure 11.2-2 for thce 63 peak meagured.

4. The leak is so set that the Pirani reads—thc—value
given in step 3.

'In many ceses (lecss than 20% oxygen plus nitrogen) it
will be fourd that the effect of the 14 and 32 peaks as given by

A & B of Figure I1.2-1 may be neglected and the correct Pirani
S reading %taken directly from Figure 11.2-2 by use of the 69 peak .

» The following example of a typical calibration may
serve to clarify the procedurs. '

1. A semple consisting of 5% air and 95% 816 was admitted
to the line recorder. '

2, 'The leak was adjusted until the Pirani gage read about

50 and the following deta recorded:

Pirani l4 28 32 69
Peak Peak Pesk Peals

51 146 1460 222 1

3. To conform with the sensitivity indicated in the fable
already presented in this section, the 28 peak for a :
5% air sample should, with a Jirani reading of 81, bte

5 -] p L]
10%xc)':regsoo51990

The emission was thorefore increased until the 28 ?eak
read 1990. The value cf the emission wes carefully
noted and recorded and the following data cobtaired;

Pirani 14 28 32 89
Peak Pesk Peak Peak

51 199 ~ 1990 398 1

- 44-
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4. The 7alue of emission ss obtained in step 3 is maintained
©il the line recordser is recalibrated. For conveniencs,
8 Pilrani gege reading of 50 has been chossn as the base
from which to & )ply corrections. The date in atep 3 was
therefore converted 4o a Pirani reading of 50 by the
multiplication of each peak by 50/51.

Pirani 14 28 32 69
Peak Peak Peak Peak

50 . 195 195@ 390 1
These data wore plotted as point A in Figure II.2-1. One
uses the same data to caloulats the caiibiaiion constants

for oxygen and nitrogen.

% Nitrogen = 5,00 x 0.78

= 28 peak = 0.002 x 28 peak
1956
% Nitrogen = §:29I;.53:Z§ x 14 peak = 0,02 x 14 peak
A Oxygen = .90 2 021 x 52 pomk T 0.00269 x 32 peak

The value thus found for the calibration constant for the 28
peek egrees, as it must if the calibration is properly
carried out, with the value given in ths previous table of
sensitivities for the 28 peak for sensitivity shunt 1.

5. The sample was next removed and roolaced with e sample
of 100% air. The proper value for the 14 peak was
determined using the data of step 4: '

14 pesk = 100 x 0.78 . 3900

The leak was adjusted until the 14 psak read 3900 and the
following data recorded:

Pirani 14 28 32 89
Peak DPeak Peak Peak

48 3900 off 7800 1
scale
The deviation of the Pirani gage reeding from 50 for this
sample is the Pirmni gage correction for 1007 air. The
correction (- #)is divided between the oxygen and nitrogen
in proportion to their relative abundance in air, _0,,21/0.78.
This gives rise to point B of Figure II.2-l.

,/5‘0’
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6. The 100% air semple was pumped out and replaced by the
third semple, which consisted of 2% 816, 10% air, and

88% 616. The proper valus for the 14 peak for this
samplie is;

14 peak = 10,0 x 0.78 =< 390

The leak was adjusted until the 14 peak read this value
and ths following data sblained:

Pirani 14 28 X2 89
Peck Peak Peak Peak

55 390 3900 780 4800

From thesadata, point C of Figure Il.2-2 was plotted,
Comnecting this point with point & (which is always
the same), provided the means of using the graph for
other smounts of 816. One also uses the above deta
to obtain the calibration constant for 616.

74816 = 2 ,
' 2860 X pesk = 0.000417 x 69 peak

e, PFlant Operation

Once the line recorder is calibrated, it is ready to be
connected to the plant stream. The valve tuming procedure neces-
sary to accomplish this follows directly fram the description of
the manifold assembly given in Section II.1l of this manual. Once
the proper valves have been turned, the tube rack is cormected to

the plant stream and ready for operstion. The steps in cbtaining
an analysis are as follows:

1. Adjust tho leak so that the Pirani gage reads
approximately 50 scale divisions.

2. Using Figures II.2-1 and 11.2-2 and the recorded
. heights of the 14, 32, and 69 peaks, determine the
proper Pirani reading for the proceas stream in
the cell being analyzed.

3. Reset the lesak so that the Pirani reasds the correct

value.

The nitrogen content of the process stream is now given directly
according to the table of Sectiom II.2-d, according to the calibra-
tion constamt calculated in Section II.2-d. The calibration constants
for oxygen and 816 have also been found in Section II.2-d, for a
particular line recorder. For any other instrument, these calibra-

tion constants are found in the same way during the calibration
orocedure.,

Sl -
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An example of the analysis of an unknown sample (3re
sumably.the process ztream) ugon the mmchine whose calloratvcn
was discussed in Section [I.2~4 is given here.

1. The unknom samplé is admittsd to the tube rack and
the leak edjusted so that the Pirani reads = jproxi-
mately 50. The follcwing date &re.obtained:

Pirani 14 28 @ 32 89
Peak . Peak Peak Peak

49 sci 3010 180 720

2. Froum the 14 and 32 peaks in conjunctiom with Figure I1I1.2-1,
the 2Pirani correction is found to be ‘

(=0.03) 5 ($0.03) = o’
This correction (in this ¢ase, as in meny cthers, it

is negligible) is added to the Pirani gage reeding
determined from Figure 11.2-2 for the €9 peak -of the

sampie. The resulting Px*arl age reeding turns out
to be 50.7.

3. Upon readjusting the leek until the Pirani reads 50.7,
one obtains the following data for the sample:

Pirani 14 28 32 69
Peale 2eak Pealt Pesak

50.7 511 311C 185 744
Upon checking the roesulis of step 2, one finds that the

change in peak heizhts betwsen stspe 1 and 3 is ine-

sufficient tc make any significant changs in the proper
Pirani gage reading.

4. Usinrg the calibration constante vrevzouslv determined,
the ccmposition of the sample is:

% nitrogen = 0,002 x 3110 = 3.2%
%4 Nitrogen = 0,02 x 311 = 6.2%
% Oxygen = 0.00269 x 186 = 0.50%
% 816 = 0,000417 x 744 = 0.31%
Once the line recorder is operating upon the process

stream, the difficult problem iz, rot to obtain analyses, which
is done eutomatically, but to keep the machine operatirg properly

——— | 59
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and determine when it has ceaged t3 do so or when, for some rsason,
the calibrstion hes changed. TFor osroper operation of the tube reck,
the liquid air and dry ice slush tbottlos must be kept properly ‘
filled and the coeling water must be flowing into the pump jacket.
In addition to this, the fors pump and the diffusion pump heater
must both be operazting properly. Mot only is the correct operation
of the above a&lmost self evident, Hut various alarm devices have
been inciuded on the plent tube racks to tell when somsthing is

not operating correctly.

Any deviation from correct operaticn of the slectronioc
units may show up in the manner in which the recorder chart is
printed. If the points printed ars not in straight vertical
lines but scatter about some mean in an apparently random fashion
something is wrong, If the points printed for any one ccmpoment
seem to divide themselves more cr less regularly 2long %wo lines,
the chances are that the smission regulator functicvas incorrectly.
'In addition, the output meter on the amplifisr should be steady

when the line recorder is adjusted to any peak or to the mmplifier
zZero. :

The valus ¢f the emission should hold steady at the
setting determined during static callbration. If it should drift
slightly, it should be reset. If, however, the emission changes
quite often, or whenever the concentration of the gas flowing
into the tube rack changes appreciably, then. the emission
-regulator is not regulating and is thersfore not satisfactory.

A convenient check upon ‘the possibility of the calibra-
tion of a machine having changed is the line recorder analysis
for & hundred per cent air. If this analysis nearly checks,
but not quite, when the Pirani is set at the valus detemined
from Figure II1.2-1, the emizsion may bs adjusted to compensate
for the slight change. If the analysis mlsses thes known com-
position of the air by several ger cent or mors, it would
apjear necessery to recalibrate the line recorder.

The dynamic calibration procedure, described briefly
in the next section, is expected to provide an even more com-
venient method of checking the line recorder calidration.

f. Dynamic Calibration

The dynamic calibration procsdure is based upon the
idea of adding & known quantity of air to the srocess stream
and seeing whether the 28 peak and the 32 peak increase accor-
dingly. 1In order to do this, it is nscessary to measure the
main streem flow, which is done with the venturi and pressure
and temperature measuring equipment ineluded in the manifold.
The air flow is miasured with a rotameter. The procedure for

the valve tumning part of this operation has been described
in Section 11.1l.

-5 3-
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The.. aralysis of the results of dynamic calibraticm
will not be discussed here but will be the subject of & separate
- repert (This report will ve prepared by XKellex at some later date.)
which will include charts or tables to simpiify the flow calculatioms.
It is unfortunate that the manner in which the dynamic calibration
method ties in with the flow of process stream in the sample lines
has made it impossible to test the method in the laboratory, so that
the final experience necessary to determine how to operate the equip-
ment will have to be obtained in the field.

However, if the dymsmic calibration equipment works as
anticipated, one may expect that it will relegate the static cali-
brating equiprent to a relatively infrequently ussd master standard.
The ease of using the dynamic equipment is such that it might well
be used oncs every twenty-four hours » thus giving a much more fre-
quent check upon line recorder calibration thar is fsasible with
the static calibration equipment.

g laboratory Operation and Sample Preparation

. To permit unknown or calibration samples to be admitted
to the tube rack through the lesk, a menifold like that shown in
Figure 11.1-20 is used. To admit a sarple for analysis, the sample
bottle is soldered onto the manifold at any convenient location (one
provided for that purpose on the manifold) and the Joint between the
bottle and the manifold is evacuasted with the diffusion pump. The
Joint is then lealk tested, using the tube rack for this purposs. The
manifold is evacuated so that the line recorder gives a satisfactory
residual reading on the 28 peak and the pump line is then shut off.
The valve between the sample bottle and the remainder of the manifold
has, of course, been open. If a leak is present, the line rccorder
will show a steady rise in the 28 peak due to the rising air preasurs
behind the leak. 1If no leak is present, the tubing in which the sol-
dered joint was made is fluorinated by admitting 616 from the 616 sup-
Ply can at a pressure of several oms. of mercury. This 616 should be
left in place for five minutes and may then be pumped out. If the
line recorder shows a reasopably low residual, the valve of the sam-
ple can is opened, admitting the sample to the tube rsck.

The manifcld of Figure I1.1-20 may be used for the mixing
of calitration samples. For this purpose a 616 supply,an 816 supply,
and an air supsly are built into the manifold. The sample is pre-
pared in the mixing bottle, the camposition of the sample being
determined by means of the pressures of the various constituents ad-
mitted to the bottle. Pressures in the manifold are measursd by
means of a Taylor 9-2 psi absolute FBM transmitter, the output of
which is used to actuate a mercury manometer. The output pressure =
of the transmitter is 7.5 times the input, 3o that 7.5 c.m. mer-
cury resding on the manometer corresponds to 100 cm. of mercury
pressure in the manifold. In the following discussion of mixing,

‘numericel pressure values will be given in cm. mercury of the
transmitter output. - - -

_gH-
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Before a sample can be mized, the 61€ and 316 bottles
must be filled. To fill +the 816 bottle, the soldered cap on the
side tude is removed and liquid 816 poured in. The botitle is
frozen down in 1llquid nitrogen and the cap is .soldered on the
bottle. Then the valve connecting the bottle to the manifold
is opened and the air abovs the solid 816 in the bottle is
pumped off through the manifold diffusion pump. The saive
on the bottle is shut and the bottls is allowed to warm up.

- To fill the 616 bottle, diffusional transfer is used.
The drying tube on the menifold is replaced by & 516 supply. The
616 bottle, the manifold, and the connection to the 516 supsly cen
be evacuated,., The pump valve is closed, the 616 supply can velve
opened, and the £16 bottle immersed in liquid nitrogzn. Transier
will taeke place. thile 616 is transferring, shutiing off the
supply can will cause the pressure in the msnifold %o drop.  When
the pressure no longer drops to a fraction of a cenbtimetor of
mercury when this is done, either the bottle is fuil or the mani-
fold contains non-condensible gases. These should be pumpsd off
and the process repsated until it seems likely that the transfer
process is completed. Then the 618 bottle valve is shut as is

the 616 supply can. The supply can is removed and the dryving
tube replaced.

The 616 supply mey contain excessive amocunts of IF, in
which case it may be purified by freesing the 516 down in dry ice

slush and pumping above it, then warming up, repsating the proceaa
several times.

Once the 616 and 816 bottles are filled, samples may be
mixed. To mix a sample containing by volume A% air, B% 816,
remainder 616, the preliminary calculations are:

- 1. Choose a valus for the total sample pressure, Pt'

2. The air pressure in the bottle will then be

P air = A p
100 "¢

3. The partial pressure of 816 in the bottle will be

Pa6= B p, | :
100
4. The pressure of 816 admitted to the manifold will

then have to be

Pa16 ¢ F air

55 -




- : : 655

Of the pressure of 816 admitted to the manifold,

a part must balance the pressure of the air already
in the bottle. Omly the remainder forces the 816
into the mixing bvottle.

6. The total pressure in the bottle is then brought up %o

Pt with 616.

It is desirable to admit the smallest component to the
mixing bottle first, so that if there is more air than 816 in a
sample, the order above is reversed. Soms sample computations

) follow:
TABLE II
Row  Sample Wo. 1 2 3
(1) % air ' \ 30 20 5
(2) % 818 \ 20 | 30 1
/ (3) # 616 A 50 50 94.
(4) &, » 60 80 60
(5)  Component Admitted First 816 Air | 816
(6)  Partial Press. In Bottls 12 12 ' 0.60
(7)  Component Admitted Second Air 816 Air
(8)  Partial Press. In Bottle 18 18 3.0
(9)  Pressure in Manifold | 30 30 3.6

In order to mix sample Mo, 1 in the above table, “the ‘proce-
dure is: ' : :

l.. Evecuate manifold and mixing botﬁle.

2. Admit 816 to the menifold and mixing bottle to
pressure in row (6), 12 cm Hg.

3. Close off mixing bottle and sump out manifold.
4o . Admit air to manifold adjusting air valve so that
air is slowly bled into the manifold. Adjust air

pressure so that it $s above 12 cm and below row (8)
pressure of 30 cm.

- 5L~
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6. Open valve to admit air through capillary tube
intc mixing bottls allowing air to flow simultane-
ously into manifold and carefully adjusting air
inlet valve until total pressure in manifold
reaches 30 cm Hg with air inlet shut off.

6. Close valve to sample bottle before the 816 has

. time to diffuse back through the capillary into
the manifold. The presence of the caillary is
intended to slow this btack diffusion so that
accurate samples may be mixed.

7. Admit 616 from the supply bottle to the manifold
bringing the manifold pressure up to more than
30 cm and less than Pt'

8. Open the valve to the capillary on the mixing
bottle and simultaneously zovern the €616 supyly
so that eoventually the manif'old pressure reaches
Py with the 616 supply shut off.

9. Close off the mixing bottle tefore the air and
816 in the bottle can diffuse back into the mani-
fold. Pump out the manifold. -

10. Use a magnet to raise and lower the magnetic mixer
inside the bottle. Bring the mixer to the top and
let it drop a dozen or so times.

1ll. Throw away 2 bit of the sample to clear out any
poorly mized sample that may have been trapped in
the 3/8" diamster connecting tube on the mixing
bottle. To do this, admit part of the eample to

the evacuated manifold. Close off the bottle and pump
out the manifold.

The sample is now mixed and ready to admit to the tube rack
or to be transferred to a bottle of some sort for storage.

A glance at sample No. 3 in Table II will show that the
above procedures will lead to rather inaccurate results when the
sample cox)zaina only small amounts of air or 816 since then the
partial pfessure of the air or 816 is small and hard to measure
accurately. This diffioulty can be removed if the pressure is
measured while the gas is in a small volume and subsequently the
gas is expanded into the mixing bottle. The ratio of volumes
occupied by the gas before and after expansion must be known. 4
calculation form for this type.of mixing is indicated in Table III.
Either the 816 or*the air or both may be expanded in this manner.
The ratio of the volumes for which Table III is calculated is 1/6.9.
The sm=ll volume used is the manifold plus pressure gage.
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TABLE III
Row Sample No. 4 & 8 7
(1) % Air 2 2 20 20
(2) % 816 2 20 2 30
(3) % 616 96 78 78 50
_ (4) P, - . 60 60 60 60
(8)  Component sdmitted First  Alr  Afr 816 Adr
(6)  Partis) Press. In Bottle 1,20 1,20 1.20 12.0
(7 Pressure Before Expansion 8,28 8.28 84,28 ~e=-
(8) - Component Admitted Second 816 816 air 816
(9) Partial Press. In Bottle . 1.20 12,0 12,0 18.0
(10)

6,9 x Part. Press. In Bottle 8,28 - - it

- (11) Pressure in Manifold 9,48 13,2 13.2  50.0

It may be noted that for sample No. 4, both 816 and air
are expanded into the bottle rather than admitted directly; for

sample No. §, the air is expanded and the 816 admitted directly;
for sample Wo. 5, the 818 is exsanded; for sample No. 7, both

<

components are admitted directly to the bottle.
Sample No. 4 wold be mixed as follows:
l. Evacuate manifold and mixing bottle.
- 2. Admit air to ma.n;fold.to pressure in row (7),
8428 om, with mixing bottle closed off, Open
valve to permit air *to expand into mixing bottle.
3. Shut off mixing: bottle and pump out manifold.

4. Admit 816 to manifold at pressure in row 11),
9448 cm, with mixing bottle closed off,

8.

Open valve to permit 818 to exvand inte mixing
bottle through capiliary,

~S%- o
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6., Close wvalve to mixing bottls after approximately
- %ten seconds and jump out the manifold.

T. Admit 616 from supsly bottle te the manifold,

brirging the manifold pressure- up to 10 cm.
or more, but less shan Py

8 = 11 Same as in previous set of mixing instructions.

The mixing of other samples follow a similar procedure,
Variations of the methed may be desirable in special cases, as

when many samples are to be mixed with the same composition. . For

this purpose, additional volumes are included in the mixing mani-
folds For samples with small eamownts of any compoment, it may be

desirable to use double expansion or 'a_ small volume to expand
from in single sxpansion. -

The "memory" volume is used to store cns sample during
its analysis while the next one iz deing mixed. The two calibra-
ting bottles are used to save calibrating samples
to the next so that cne may use the gttored samples
calibrations rather than mix fresh ones every time.

from one day
for many

68.
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a. Amlyais of Gas Hixﬁures Ta‘ot dbﬁééininﬂ-SlG

e

Kigns entering the apectrometer tu'be .'mdi.oatea 11:3
presence _‘by prodming one or more peaks in the line recorder
‘speotrum, = For example, ca.rbon dioxide produces peaks corree-
ponding to mases 12, 14, 18, 28, 32, and’ 44. Thess peaks are
_ due to the various positivoly charged fragnents of coz produced
.. by the 1cuizi.ng"electrons in the source : ,

, peaka are measured bywtha poaitive mn currents )
to the oollector ph.te. The collector current flows through &.
resistance of 5 x 10° olms and the voitage drop across this
resistance 18 impressed om the input of a negative feed-back
,anpliﬁer. "'S§ince the output and input voltages are for all ,
p:gctical purposes numerically equal, the output meter reads the

- Yoltage drop produced by the ion current. For convenience, the

. - output is measured in scile uniis, where each unit represente ;

“-two minivoltl or 0.002/(5 x10°) s 4x ].0'13 uxperes ion current.

The self-hala.ncing muIti-pomt recording potontiometet connscted

in para.llel wi‘bh the amplifior output meter employes the same unit.
3 1’_n. both casea thc ozrbput is determined by multiplying

n !‘a.ctom The msultant‘

i intensity of the peaks de pendn upon’mny ftctors, ’
.'mcluding the. rate of flow into the system of the gas producing .
Lk T the anslysis given here it will be assumed that ; i
i‘fecting peak height’ aré mintained constant’ except
I this cnse, the “peak height is pmpor—

“where sﬁ‘-ia the line recorder' peak height or‘ signar at 1masa e

.dye to gas A, 1: the mte of inflow of gas A into the tube &
-%-,lg.@yi?:i at,
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If three geses, A, B, and C enter the tube simultene-
ously, sach producing a signal =t maes M, then the total pezk

height is the sum of the peak heights from each of ths threz
gases, that ig

Sy S

N

Similar equations will hold for other masses.

A
M

B, o0 . ah B C 5 2
Pay bsy Rl t 0%t &

. The composition of a sample iz given by

X, = U s Xg = % 3 Xp = e ()
: where the X's are the mol frections of gases A, B, and C entering o «

the tubte. That is, the mol fraction of gas A entaring the tube

is given by the ratio of the flow of gas A to the totel flow into
the tube. Therefore, in order to determine the ccmposition of a -
gas entering the machine from the peak heights rscorded by the
line recorder, ‘it is necessary to determine the flows by solving
squations like (2) and substituting in (8). The celibration of
the machine is accomplished by sjutting known gases in and deter-
mining the sensitivities from equation (2). It is in this ’
manner that petroleum and other hydrocarbon analyses may be
carried ocut. Some similar procedure is necessary in analvsing
714, 716, 816, and other flucrocarbon mixtures. A discussion of
this problem with numericel results obtained on one line recorder
will be given in this seetion. '

In many cases a given mass arises Ifrom only one ccmponent, i&*«é -
of the gas stream. In this case, equation {2) becomes identical
with squation (1) and is written

Sy = Cy QA

v - In this case one can solve directly for the various
flowe without the necessity of solving sets of cquations like
(2) aimultaneously., That is, the flow of a gas is given by

the intensity of signal at any pjeak from that gas divided by
the corresponding sensitivity :

! ' -7 Q, = SH‘»' B Do
AT < |
¥ | (4).

b, Analysis of Gas Mixtures Containing 616

' If same method of""pteaéuring total flow, Q., is available,
then tk.:s amount of & given gas present can be detemmined by
measuring the peak corresponding to that gas alone {if no other

/(pg:: v
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ges contributss to the sams peak}, without the necessity of meesurs
ing all other gases sresent to determine the total flow. Some

such scheme ig necessary in the line recorder due to the removal

of 5816 in the chemical trep, which neans that the flow of 618
cannot be measured by the apsctrometer tubs.

Flows are measured in this case by using a Pirani gage
to measure tre pressure at soms fixed point in the system due to
the gas flow. It was pointed out in Section I that the pressure
at any point in a flow system is given by the product of the gas
flow and the resistance to the point of sero pressure, i.e.

P-RQ

or

b i)

It is found experimentally that the Pirani reeding does
not depend only upon the total oressure of gas in it, but can be
expressed as a sum of terms arising from the partial pressure of
each gas multiplied by & constant which depends upon the gas. That
is, one my write for a limited range of variation of the Pirani
gage reading, which is symbolized by G,

@ = gypy Byt g B

where ps is the partial pressure of gas A in the Pirani gage and
€7 is a measure of the Pimni gege sensitivity to gas A.

Now the resistance to Ng diff'ers from that %o 616 be-
cause, first, the N, has zero pressurs at the pump whereas 616
has zero pressure at “he chemical trap, arnd second, ¥, has a
different molecular weight then 616. Similarly, the 315 has zero
pressure at the diffusion pump cold trap and its molscular weight
differs from both 616 and ¥o. Rewriting the above squation and

substituting the product of flow by resistance for pressure, we
have :

.

G = & R : '
N2 Mz %Nz t €0, Rop Qop + £g16 Ry e ¥ 'gs1s Rers Qs16 (5)

which shows that the Pirani reading does not necessarily measure the
total flow. This defect may be remedied in a simple manner. Define

the corrected Pirani reading X, which shall be used as 2 measure of
the total flow, as . '

Ks=g R

616 “e1s 1 (5a).

3
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From equations {3), (4), and (5a), we have

X, -0 K (8)
Cu Bg16 %616 | .

c
Since M is a constant for a given machine, it is con-

€616 - Re1s |
venient to symbolize it as Bype

Thus, equation (6) becames

XA = “u. (6‘>

It remains to find a relationship between the correoted Pirani
reading and the data from the line recorder to enable the cal-~
- culation of the corrected Pirani reading, K. The total flow is
- » the sum of the flows of all the samponents o

T | =%, t %, %t s (7)

Also, equation (4) states
Q, = S"!
M

which may be written in temms of 8y

Q, = Ju Be1s Rexe - 1 8, -
A T M
816 816 E;II.B 818 % 7
, | Snbatitutihg (5), (7), and (8) into (5a), the value of the corrected B
: Pirani reeding is found to be . . . : .
v : . .
k. g6161{6}.6@‘1‘ “fl-_z_’;'a__ Sgg ¢ 1_..‘..92.__2.. r;s-z-
| V' Beig Rais| 54 gs16 He16 32
%-f’lé ®s16 Ba16\ g ;
S ' 16 Res! o9 (9)

LS




hone O

whare of course one may reslace S28 by its squal Sy, if the 28

828 214, oot
peak i3 off scale. The form of equation (9) lseds” "to the dafini-
tion of the Pirani gage correction factors

El

Aﬁ = 1 gN2 "X,

2

€616 Ra1s

g, R
o, = 1= % % |
Bs16 Beis -
Ag16 2 1- Ba1s Raie
€616 Rgie

The mol fraction of impurity in the sample is given by the ratic

of the signal from that impurity to the product of the corrected
Pirani. reading with the sensitivity

Ay o= Sag = Sy,
2 8,5k & K

Xo, = Ss2

B2k

v 8 Q
816 = .83 = i3

The corrected Pirani ra_adin:g for the sample is obtained by
adding to the Pirani readin

g terms consisting of the Pirani correction '
factor for a gas muitiplied by the ratio of peak height to sengitivity
for that gas. '

(11)

]

t 828

-
4

;* \
K=0 4y 528 or S26 | 3 a9, 532 4 ABIS{/SGS or 5131 )
"5 | 2ag z

a
*s9 151

The definition of the =

, ymbols in cquations {10) and (11)
are summarizsed hers., -

b~
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e

mol fractien of gas 4 im sampole

LI

@®
L]

sensitivity of spectrometer for mass ¥

e
4

Pirani cage correction fastor for zas 4

peak neipht for mass ! as measured by line
recorder for the sample.

SP

i

G

Pirani ga:e reading
K = corrected Pirani Faro reading

"~ An example of calculations for unknown samples is given !
in Section II.3-e.

Althoug: equations (10) and (11) nave theoretical signifi-
cance due to the manner of their derivation, in actual use of the
linc recorder, squations (10) and {iL) ars taken as the fundementeal
sjuations which are justified empirically. It is to be notsd that

additional pases may be ccnsidersd by adding corresgonding terms
to (10) and (11). '

Froem the definitions of By, and A_ - it seems likely
they will be equal. This has been confirmegzexperimentally” -
A sample consistin~ of 1007 air is admitted to the line recorder g
and data taxen. This is followed by 1007 Nz. The data follow:

. , s
% Oz % K, Pirani 14

0 © 100 50.0 4450

21 78 20.2 3480

For the first sample, from equation (10),

Sy
é- 2 di 4 = 89
0 t1q 214

For the second sample

X _ s
G = &14

Henceig first sample = K
3 -

secend sample

G2
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But, from eguation {11)

= 814t Saai CPN
. A
or using (10)
8 21-4y x. -4 X, 5 %316, :
X o Ty " Aoyfo, 7 Aers e (12)

For first sumple

For second sample

G q_ o - O, y
3{- E 3 1 Oo?u .‘LNZ O 21 &02

Since thesc are equal, we have

= A
NZ O2

to sufficient aceuracy. ilence, the Pirani corrsction factor is

the same for oxygen us for nitrogen. Te call %his Laip. it re-=
mains to be shown dirsctly that aquations (10; and a%i? noid for
the line racordsr, To do this, we xote that

N :
S 26%4 "2 prom (10)
&% 3 |
14
z 1= N, Xy, = 616 Zs16 (12a)

from (12) if we use mixtures containing 816, Np, and 616 onlv.
BEguation (12a) indicates that if G KNZ is plotted apainst XN
. 2

514
6 and varying amounts of o and 816, we should
obtain a straight ilipe. Further, if the srocess is repea<teds
for another 818 concentration a pareliel lins sheuld he obtained.
The results of such a test are miven in Figure I1.3-1. That btoth

lines arc straight is evident. Data are availeble to support
this for OF 816 in addition to that plotted here,

for constant x..
8L

p A8




However, the lines do not ap»ar to te wnrallel. If the
Jdotted line is drawn as shown throuzh one end of the 55 818 cu -
sarallel to the O 816 curve it differs from the 5% 816 curve
at the other end by 7Z. However, this is an extreme case; lor less
air or less 816 the agrcement will te much closer. O(ne mav con-
clude that equations (lr.‘a) ard therefore (10) and (11) ere valid
as an a)proximation which will be excellent if the 816 concentra=-

tion does not vary very much or if calibration data.are obtained
with the plant concentration of 816,

- The Princi;cal sy-nbols used in this section with their

.definitions and units are tabulated for reference.

Symbol Definition Units
SM Intensity of pecak at mass The basic unit of measur-
M as measured on the lins ing intensities is 2 mv.
recorder, This unit is called an
v "Tntensity Unit.”
¢] Pirani reading Same as for S,
K Pirani readincg corrected Same as for Sy
to cgive a true measure of
total gas flow into tube.
X, Mol fraction of gas A in Numerico
sanple
&ﬁ ‘ Sensitivity of sjectrome- Peak intensity per unit
ter to gas A in measuring corrected ‘irani readinr,
a peak at nass M, per unit concentration cf
' gas A in sample,
8n Brief ro*ca‘blon for aA when Sare as for afi.
the peak at mass ¥ is
produced only by gas A of
all the gases in the
sample,
2 .
A A Pirani cage correction Change in Pirani.reading’

factor for gas 4,

For mixtures containin~ 17

(3] -‘2»
s ,
X, - “14 S
Nz e 28 ; X
2 T B1gk Tk "o,

oser unit pcak intensity
per wnit sensitivity,

Op, 816, and 616 only:

8131

L]
(<]
)]
(o]
§

832K asg. 9.151 K
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C. Analysis of 61€ Gontnining Small Amownts of Impurities

When the amount of impurity in 616 btecomes small, the con-
nection terms for the Pirani page become

Equation (11) then reduces to

X =
Equation (10) becomes
S
KV = 28
N
X, = S,
%32 @

G

k)
)
w

Ya16 = 69
& G

69

significantly smell.

The followint table nfives typical siegnals for 1% impurities
of various gases and the correconding irani gage corrections. The
Pirani gapgs is set at 50 in ~ach case.

Pirani Gage

Correction

Gas fPeak Factor
816 69 «8,9
SiF, 85 0.84

CO2 - 44 «0,65
NEO 30 0,93
714 69 =5,3

3F 49 -l.4

He 20 -0, 4

Nz 14 ~0.03

For One Per Cent Impurity
Piranl Gage

Sensitivity Signal Correction
3500 1580 5.2
882 445 0.4
767 386 =003
‘149 75 0.5
2740 1370 -2 .6
103 50.8 =07
320 160 ~0.2
56 28 +0.0}



.

| 8.

d, Determiration of Calibration Constants

In order tc determine the semnsitivities and Pirani gaze
correction facters for the line recorder, a sufficient number of.
calibraticn samyles must bLe used. Eguaticn (10) muy be written:

K= S _ Sy . Sm %69
814 X T o X Toag, X Beg % ‘
14 NZ 28 NZ 32 02 89 “81s (13)

which shows that the ratio of the sensitivities can be determined
from the data on eny one sample containing 816, N,, and 0o 1t

is necessary to have sufficient additionael informétion to” deter-
mine the absolute value of one semsitivity end the values of the
Pirani mre correction factors. To do this it is advisable to

write (10) and {11) in & form suitabie for calibration. This Torm
is: )

S S 8
1 . 4 14 o 932 $ A 69
T ° %14 F %14 fair g ¥ 816 - 14
G x“a Ga)y, Tag G agg
Now, for air, from (13)
S >
32 = XOz 514
= 2 ==
32 Kuz a14
S 9 S'_ X a2 ¥
a}i%rgoz?hnasl‘l:l S; = 1.28 14
12 32 )%!2 28y4 0.78 ;; 84
Also, for any sample
S69 & *a16 514
*69  fy, %14
Hence
S o
G 14 2 al4 g’ 11:28 Aa 14 T A816 x816 814
¥, b g
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Or, nobting that X . s 1.28 Xﬂz '
S _ S , ) A .
14 = .a3.4 + A 14 3 X316 A 14 (14) .
¢ X5  ToZ8 air T Ty 816 G '

: alir

Equation (14) contains three unknowns, %14, Agi,., and Agig
and therefore requires three calibration sampies for its soiution.
Using these, three methods suggest themselves for evaluating (14):

' 1. Substitute the data for each of the thres ‘samples

in (14¢) in turn and solve the resulting relations
simultaneousliy.

2. Solve for the constants by the graphical procedure
given below. '

3. Solvs ’t:he simizl‘baneo_us squations of method one for

the constante before substituting the calibration
data, o

, ‘_The graphical method of solution is carried out .in
Filgure II.3+2 for the following typical calibration date,

CALIBRATION DATA

Sample % Air %816  Pirsni 14 28 Sz 69
| 1 10 0 5002 333 4700 996 aa
\ 2 100 0 50,0 4250 off  off o
’ - IS scele socale
i 3 10 2 50.0 296 - 4200- 878 ‘4740

One first calculates

Semple | 314 | Sl 4
o e X ¢
1 6.63 66,3
-4 85,0 ~ 85.0
» . 3 5,02 §9.2

~72 7
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3 S

These three points are plotied on & graph >f 14 vs._l4
- - v—-l-“-_tn—' G
*ayrs
(Figure 1I1.3-2j. The slope of *his line gives Ay;, “nd

the 844
_Xair G ‘ .

connecting the poin% for sample 3 with the intercept of the first
line and the vertionl axis. The slope of this second line is Ag,4; +

3816 X56.

Xair

axis intercept gives al4/i°38, A second lins is drawm

From the zonstruction of figura 11.3-2, w» have

81, = 33.2
hyir = 0.24
AB}.S = 691

Equation (13) is used %o find the remzinder of the scnsitivities.

8
&g = _28 4 4 = 4700 x 83.2 3 1170
5., ¢ 353
14
a =
32 2 Xy, ¢ ; B
2 532 9., = 0.78 596 ; g3.p . 920
A0y g 0.1

69 = Ty Sg 0.078 . 4740 xgz.2 = 5170
T — & et x 2= xB3 .2 <
Xg16 514 ¥ "B “Tme 0 T

Method three actually consists of doing the abGV° process anal iytically.
We indioate data from sample one by enclosing it in { ); and similarly
for samples two and thres.,

[

1l
814 = 1.28 & air/; = Dc&ir)z

6 (%),
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A%
4 3
T
v‘“‘*\
o
"+
=
'..J

855,63 -
a S
- A {. \ ( ¢ 14 = _":L c 7
816 = /%ir . a4 TiZB Xair f3 !
- K H ) a a 1. ‘ ' /
( Lag/ z |

i
4]
w»
>
[AV]

= 35-66.3 _ .22

Y14 f
G ] 7

\
1

Bt e Y

= =5 ,/0024 :+ 65.C -~
S - 0.92

The remainder of the sensitivities are calculated as before. Tabu-

leting the results:

8,4 ® 832
8yg = 1170
8.5 = 920
889 = 5170
AL = 0.2¢
4816 = -6.2

5902) = =6.1

Hence, the line recorder calibration is completely krown,

example of the evaluation of unknown sampl

€. Amalysis of Unlmown Samples

The data for the unknowns are:

DATA ON UNKNOWNS

S14 B3 Sa

Sample Pirani

68 follows:

89

a 51 - 82 453 45

2100

An

Rt

%

el.
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A ettt costetrene sty
(conds t)
SAMPLE Pirani S14 528 Sz2 Sg9
b 50.7 386 5450 600 150
c 50.0 3250 . 0f§ 3000 1000
Scale -
d . 49.5 3 36 < 5000

In actual calculations of the samples one needs Tirst of all the

signals divided by their semsitivities, Thet is, one needs to
calculate the following table: '

TABLE IV S
Semple S
- m  Sus S32  Sgg
1170 920 BI70
a 0.385 0,386 0,048  0.406
b 4,64 4.64 0,653  0.0290
o 39.1 —— 3.26 0,193
d 0.036  0.031 0.002 0,965

The next step is to calculate the corracted Pirani ge.ge
readings using equation (13).

| 7S s S
XK=z G ¢ 0.24 s o S28_ . 55 )4, 69
\ ('53‘2' 70 3% 5170
TABLE ¥
s s 4
14 28 S s
Semple G 0.24 —_— 32
T 9-24 1170 0.2¢ Ty 6,322
) o —_—2eC ——2170  0.24 g20 5170 K
0.1 0 2.5 48.6
b 50.7 . :
1.1 0.2 0.2 51.8
c 50.0 4 '
9. 0.8 1.2 59.0
d 49.5 ' '
0 0 5.9 43.6

-78 7




We then divide the values of the peak heights over
sensitivities in Table IV by the K's of Table V to yield the

sample compositions. All values have been multiplied by 100
to give the results in per cent.

TABLE VI
Sample % N, %0; % Co8l6
. 0.79 0.10 0.83
b 8.96 . 1426 0,056
o 86.5 5.566 0,328
d : 0.071. 0.0058 2.21 |

/=

Tt should be noted that 514 and 528 both measure the
14 8
. per cent nitrogen and should therefore be equal. For small amounts
of nitrogen the mass 28 peak may be expected to be more reliable
than the mass 14 peak, since it is the larger. Therefore, when
the mass 28 peak is on soale, it is used. Vhen it is not on scale

the mass 14 peak is used in its place. Similarly, when the 69 peak
goes off soale for 816, the 131 peak is used in its place.

f. Detection of Fluorocarbon Traces in 616

One of the applicaticns to which the line recorder has
been put is detecting traces of fluorocarbons in 616. 1In order to
test a representative sample, the 616 is liquified and a smll
amount of liquid removed and allowed to sxpand until completely
vaporized. With ths manifold shown in Figure I1.1-20, a sample of
approximately 200 milligrams is required although enalyses could

be madé with much less material if a special manifold with low
volumes were employed.

To make an exact analysis is 4impossible without a calibra-
tion of the instrument with all of the fluorocarbons which are
expected. However, since usually it is necessary only to determine
the fluorccarbon content approximately, certain simplifications are
possible. The mass 69 peak (CFz) is used for this work. It has been
found that the intensity of thia peak is aporroximately the same for
all fluorccarbons so far investigated. Shown below are the sensit-
ivity factors for the 131, 69, and 31 peaks for several fluorocarbons.

s )

/7é -

89.



”,

8

Mol. Wt. 2gg 8 a

131 31
816 400 3100 202 14
716 588 3900 . 330 320
methyl cyolchexane 350 2640 297 647
dimethyl cyclopetane 350 1650+
sthyl cyolopetane 360 1840e

* These values were determined earlier ,
with a different instrument and are A~
shown hers relative to the three others
for ¢omparison. a33) and ag] were not
determined at that time. .

Since the sensitivity of a line reccorder depends upon the
operating conditions and will vary from one machine to another, and
from one time to snother, the instrument should be calibrated at
the time uwnknowns are analyzed. For this purpose a test sample con-
taining between 1/2 and 1 mol per cent of 816 in 616 is used. The
869 is determined in the manner discussed in Section II.3-d. Let
us assume agg is found to te 3100 as given in the above table.

Now let us assume that an unknown sample is analyged
for which it is found that the Pirani gage flowneter read 50
units and that the positive iom currenmt corresponding to the €9
peak was 185 units. Then if we assume the uninown sample con-
tains only 816 as an impurity the mol fractiom will be:
Xy = 869 . 155 - 0,000 or 0.1%

"G - 30050

If, on the other hand, one assumes that the impurity consisted of
equal parts of the five components listed above » the sensitivity
factor to use would be the average of the five given, or 2480.

Tho X calculated would then be 25% higher. In eny event it is
seen that since the 8gg's for the fluorocarbons, which we know
about; are of the same order of magnitude, no sericus error is made
whatever assumption is made. In making the above caloulation we
at.sumed that the sample analyzed was essentially free of camponents
other than fluorocarbons and 616, If this is not the cagse the more

acourate expression XK for the correoted Pirani gauge d
have to be used in place of G. . gruge reading will

~77 -
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it is reccmmended that until such time that data to the con--
trary are available it be arbitrarily essumed that the anawer obtained
using the 816 calibratioén should be multiplied by 1.25. Accordingly
in the sample discussed mbove the final X, wouléd be given as 0.128%.
Since in all work on the line recorder mol fractions end peroentages

are used, it will be necessary to use suitable conversion factors if
weight per cent's are desired. ’ ‘

The amalysis of small amounts of fluorccarbon in 616 is cam=

plicated by the residual readings on the line recorder. A residual
signal of )

. Seg = 10
corresponds to

5. ,
%816 8100 S0 = 1000 = 0.006%

agg G 3100 x 50

With care and patience the Sgg residual can be brought as low as 2,
which then corresponds to .ODI% C-816. With percentages as low as
these, it is neceasary to use the output meter rather than the
recorder. In this case, 0.001% 816 corresponds {on the most’
sensitive shunt) to 40 out of 200 full scale on the meter. But it
is uncertaih how reliable readings are when the residual is of the
order bf magnitude of the per cent being measured, It would seem

that the lower limit of 816 determinations in 616 would then be
near 0.001% 816. :

g Detection of 714 in ‘the Presence of B16

In order for the line recorder to differentiate 714
from 816, the ratio of two different peak heights must differ from
that of 816. But we have soen that such is the case:

agg *131  "s9/ 131
816 3100 314 9.9
714 2640 647 4,1

(on any given line recorder, these values are cheocked periodically
if they are needsd,)
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If it be assumed “hat nsither the 131 nor the $¢ poaks
arise from any othey'gases present in the sample %than 714 and E1lE&,
one may write '

Soss X Qegsm Xg16 * 269 X?M)

p
. 816 . o T14 .,
151 7 Kézm Xg16 “ "131 11714)

Selving simultaneously, one obtains

| 816, 816 g0
mol fraction 714 in 816 = = Xgyg - %89 131 131
: Zovn X 714 _ 81€; S 815 714
73 816 3131 "alsl 3 69 - -2 3.69
] 5,5 69

)
Mol Fraction 714 3o 816 = 302 - 514 151

.\/\ It may be noted that a %wo per cent change in Sgg is
aoproximately the minimum measureable with the line

[
recordev.. This corresponds to 1.6 mol per cent 714 in L
the 816.)

L
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4. Cherecteristics And Design of Line Reccrder

5 -

A General Requirements,

Previous sections have dea-t w1th the function und
oparation of the line recorder. Of primary concern in this section
will be the design and characteristics of the lire recorder and Y
the . factors 1nt1uencing them. Representative data will be supplied
wherever possible to supplement description. In.many cases lack’ ‘;-

"of time has mot permitted the exp101tat1on of design alternatives.

:To. reiterate briefly, the llne recorder is an instru=
ment enabling a continuous quantitive analysis of gaseous mixtures.
‘The fundamental measurements made are those of flow, mass, and °
“don currents., ﬁbﬁ‘us consider the overall requirements to be met
by the combined éomponents of“an operabfe line recorder and then

¥

(1),‘Accurate means of meesuring mass, flow. and 1on [

cwumsmabegwmﬁ.,j;‘,“ L B

2) The analyzed gas composition should be a azngle
velued function of the measured quantities or com=

. In additxon to’ these requxrements, censideration must be given to‘_
Aother factors, such as ease of operetxon, maintenance, and simplicitx

*_”§ection IIel. Acﬂurate measurements require con=
and ectrie field_fplue ability to separate
rmanent” alpico magnet constant magnetic field
: , Aﬁbquately'reguiate& electronic voltage suppiiee
“insuredeenstant ‘slectric fields. The. gpemetry of” the line recordar,
tube has ‘been so designed that adequate. mass seperation is obtained
 *Por its Proposed use., It:is essential‘thet the magnetic and” electr'ee.
e, fiolds employed be properly adjusted and aligned. Fﬁrther discussion*
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¢. Measurement of Jon Currents

Measurement of ion currents is made with a feedback
amplifier as discussed in Section II-l., With its electronically
stabilized power supplies and other stabilizing features, it
presents no limitation on the accuracy of present line recorders.
Only in measuring extremely small quantities of impurities does
its zero shift or noise level cause any difficulty. Adequate
shielding of its high impedance imput circuit is insured by the
all metal construction of the collector and preamplifier housing.

d. leaéurehent of Flow

The measurement of flow centers around the Pirani
Gauge. 1In Section I-1 there were discussed the principles involved
and the manner in which flow is calculated. It is svident that the
measurement is no simple matter :nd that several factors are ine- _ N
volved., Obviously, the power supplied to the gauge must be con- . e
stent. Aan electronically controlled voltage source solves the .
problem of constant supply. Experimentally it is found thet an
increase of two per cent in Pirani bridge current at operating
pressure will decrease the Pirani readings by about five per cent.
The gage elements themselves must be reliable and not subject to
deterioration or change of characteristics. The corrosive nature
of the gases involved limit the choice of elements for construction.
Constructional difficulties further restrict the choice. Nickel
was finally chosen for the gage element. When properly constructed
end handled, nickel gages were found to be very reliable and showed

little ‘or no zero drift or change in sensitivity over long periods <
of time, . | Ay . B

Figure IX,4=1 which depicts the overall performance of
a line recorder, is svidence to the performance of a Pirani gags
over extended periods of time. Samples wers preparad from day to
day to obtain the line rscorder readings, whioh are shown plotted
as a function of time. Irregularities represent changes from all"
components of the line recorder and include any errors in sample
mixing.

It should be emphesized that care must be exercised in
keeping the gage and element cleean. . Soldering should bs done in
a deoxidizing atmosphers. Failure to observe these precautions
may result in a gege which drifts and reaches equilibrium only .
after a long period of operation. Operation of the gage with atmos- o

pheric air also results in instebility for a considerable time after-
wards.,

For nurposes of suppert and ruggedness the Pirani gage
olement wus mads from 3 mil nickel wire. The resulting mass has

appreciable thermal capacity, which gives rise to a time lag in
reaching thermal equilibrium.
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Figure I1I.4-2 depicts the Pirani gsge reading and mass
28 peak as a function of time., It shows the offsct of an abrupt
change in pressurse behind the lesk upon both of thess readings.
Vote tbat the mass 28 peak reaches its final value wimost immedi-
ately, while the Pirani gage takes from thres to sixz minutes, de-
pending upon the magnitude of the presstre changs.

Several other elements were suggested which might enable
practical construction and permit lower thermal capacity. Several
alloys of platinum were tried with some success. Due to lack of
time, however, the possibilities were not fully exploited. Tungsten
was found to be insufficiently inert from e chemical standpoint.

The resistance of the gage element depends upon smbient
temperature. Proper design, however, permits automatic correction
for this variable at a given pressure in a simple manner. By plac-
ing another nickel slement of proper resistance in the same block
as the gage element so that it experiences thes azame ambient tem-
perature it can, as a portion of one bridge arm, be made to com=-
pensate for the gage element. The remainder of the bridge arms are
made of mangenin, which displays 1littls tempsrature coefficient.
The compensation is made exact &t an appropriate pressure. At
other pressures over compensation or under compensation ocours.

By limiting the operating pressure range errors due to ambient
temperature can be made negligible.

Figure II.4-3 shows the actual variation in gage
reading with ambient temperature. In examining thi: figure and
other experimental data presented in this report, it is well te
bear in mind that the data weras taken on different line recorders
at various times and will therefore not be self consistent., The
gage used in this-experiment was a standard gage cxcept that 10
ehms compensating resistance is used rather than 8. Without com-
pensation cue would expect the reading to decrease as temperature
increases. The compensating resistance, however, has reversed the
offect for the two cases shown in Figurs Il.4-3, By gecing to higher
pressures it would be fourd that the curves would level off and
finally begin sloping the other way. Note that st zero pressure the
Pirani zage reading is very much dependont on ambient temperature.

This fact should be born in mind when any gero adjustment is con-=
templated.

Another factor which must be considered in using the
Pirani zage is the relction between gage reading and pressure.
Whereas the relation is almost that eof straight proportionality
at low pressure, it deviates to some extent at highsr pressures.
tigure II.4-4 zives an actual static calibration curvs for a
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Pirani gage with nitrogea. Pressure measursments were mads with

a double sylphon prsssure gZage. Pigure II.,4=5 was obtained from

a line recordar by plotting the mass 14 peak against Pirani reading
while varying the emcunt of air flowing irto the lime recorder.
Linearity would permit opsration over wide pressure ranges with
little or no complication in the calculation of the analysis. How-
aver, for accuracy comsiderations the range should be as limited

as possible corsistent with eass of adjusting the leak.

Since the Pirani gage is basically a pressure measuring
device, the resistance, which relates pregsure to flow, figures
importantly in the measurement. The principles involved in the
flow of gases at low densities are discussed in Section I<Z. .

- Section II-3 also discusses the subject of resistance to flow and

- how it enters into the calibration of the line recorder. It is
evident that the entire gas flow system must be carefully designed
if accurate flow measurements are to be taken. Constancy of
resistance to flow is of prime importance. In general, for a
given configuration, the resistance is a function primarily of
geometry and is proportional to the square root of the ratio of
mass to absolute temperature. Any action whereby a molecule is
removed or addad to the Flowing gas constitutes a pumping action
or its reverse and must be properly accounted for.

The me jor portion of the resistance to flow is dus to
the nicikel tubing inserted in the flow lines. This assurss con-
stant geometry. Being relutively inert to the gases expected to
be encountered, nickel tubing may be sxpscted to be relativel
free of eo:rrors due to selective removal of gas passing throug
the tubing., Care must be exarcised as to cleamliness of the
tubing. Any foreizn matter is very apt {o add or remove gas
from that flowing through to be analyzed, '

) - Since the pumping speed of the tubing varies orly as the
square root of the absolute tempervture, temperature changes are
not critical. 4 change in ambient temparature from 209C to 30°G

. changes the resistance by 1-1/2 per cent.

. S With the exception of 616, which is removed by the

. ~ ohemical trap, gases are removed either by condensation in ths
' cold trap or are pumped ocut through the diffusion pump. In
certain cases thero may be some removal by reaction with the
hot tungsten filament or with other material. These removal

‘elements involve a certain amount of pressure drop and conse-=

quently have an effective resistance. Any veriation in these

ef‘ective resistances will have a bearing on the rssistance te

flow. Fortunately in the case of the cold trap and the diffusicn

. -§5 -
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pump, the effective resistances involved are small in comparizoa
to the total resistance to flow at the Pirani gege. For
sxample, the resistance to air et the Pirani gags is sround 360
sec/liter while the effoctive resistancs of the punp involved
is of the order of 0.1 sec/liter° Evidently the pump effective
resistance can very by an appreciable factor without influencing
the measurement of flow. 4s will be seen latsr, however, these
effective resisgances are more importan® from another standpoint,
The chemical trap used %o remove 816 presentsz a muci:
more difficult problem in keseping the resistance to 616 at the
Pirani gage constant. Actually, the reslstance depends upon
total flow and composition of the gas due to shift in reaction
point. The maintenance of a nearly constant flow snd the fact
that the variatiorn of resistance is:such thet it merely changes
.the velue of the constants of Sectioa II-3 has permitted success-

ful use of the chemical trap. The design will be considered in
more c¢etail later on.

: t was pointed cut inm Ssctiot all gases
do not give ths same response on a PiranI~guEc. 7Ths corrected
Pirani gage reading as defined in Sectiom II-3 is cusigned to

account for these differsnces.

e. Design of Gas Inlet Linss & Chemical Trap

In designing the chemical frap and gas inlet severail
requirements as to magnitude and practicability must be considersd.

1. The Pireni gage should register about (100 mv)
under normal operating conditions with the 616 con-
sumption at the rate of 40 mg/aaya

2. Since air or nitrogsn will probably be of most
interest, the sensitivity to air or nitrogen should

e be-independent of its concentration.

“’~37- L 3: he chemicai trap should be relatively independent
“ . of vari bles such as temperaturs snd should be reliable
T "f@}yqver;é long period of timu with a minimum of attention.

A consumption of 40 mg/day of 616 at 259C is equivalent to a flow
of 2.44 x 10-%¢ce mn/s 2, ‘This requires a definite resistance at
the Pirani gage to’obtain a 100 mv signal. Experimental data show
the following relations to be reasonably accurate. For purs £16:

>

Pirani in ov = 1.8 x 10% Pgq (1)
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"For pure air;
Pireni in mwv = 1,15 x 10% p ;. (2)
Pressures arg:mqgsured in mm of Hg. Replecing the pressura by its

equivalent, the product of flow and resistance.

)
Pirani = 1.8 x 10% Rgyg 16 )

Piranl = 1,15 x 10% Rpir Qair (4)

Since we desire a 100 mv signal with a flow of 616 equal to 2,44
x 1072 ¢o mn/sec. Rgy1g is from (3)°

1.8 % 108 = 2,44 = 10-2 = Ov2%2 s°°/’°_'; -
The resistance {o 616 of 1/4" nickel tubing is on the average e

about 7.4 x 10™Vsec/cc/in. This resistance is based on tubing
with 0.173" inside diameter. The inside diameter of tubing may

vary from batch to batch. Hence the length of 1/4" nickel tubing
required would be :

- u.g, 10"3 \30 ’7
L= Ei__‘____x = 33<4 inches
- - 7.4 x 10°% '

It 1s an observed fact that the air signal on the line recorder

is proportional to the flow of air. This means that, if the sensi-
. tivity to air (air signal/Pirani) is to be independent of air

concentration, the Pirani gage should register 50 with a flow of

2.44 x 10 “2 o0 mm/sec of pure air. From (4) we calculate Rgjr:

Reir =

L5 x 10*23044 x 10-° * 0,356 sec/cc.

Por air, the résistance of 1/2 insnickel tubing is on the average

.2.1 x 10°% geo/cc in. If the resistance to air is provided entirely
by 1/4 in.nickel tubing, the length required is:

iy

Lz 356 x 108 = 170 inches
. p < e

et Aisuitable gas inlet system might be comstruoted as
shown in Figure II.4~8. The Pirani is comnected to the inlet side
of 170" of*1/4" nickel tubing. 31.4" from the Pirani gage a 616
remover ia attached. We assume that the 616 pressure is zero at
the 616 remover while all other guses fall to zero pressurs at the

P
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gas remover, In actusl practice the resistance provided by ths 1707
of 1/4" nickel tubing shown in Figure II1..~6 iz made up of a Sevies
of elements including =ffsciive resistancas of diffusion pump and
cold trap, resistence of Line Reccrder tube, 1/8% nicksl tubing if4n
nickel tubing, valves, stc. The resistanze from the source to the
pump amounts to the eguivalent of %wo or thres inches of 1/4® aickel
tubing. The 616 iz removed by chemical reaction with mercury. A
pool of mercury is-inserted at the proper place between the Pirani
gage and line recorder tube. Figure II.4-7.shows the mechenical lay-
out of the chemical trap. The cold spot is used to confine the re-

action region and to 1imit the mercury pressure. The supposed actlon
is as follows:

Mercury distills from the mercury reserwvoir and dififuses
through the 1/8" holes up the nickel tube and upon reaching the colc
spot condenses in sufficient quantities to reduce the pressurs of
mercury at this point to its usual value =t the temperatures of the
cold spot. The uncondensed mercury then continues on and reacts
completely with the €16 a short distance up the tube.

BExcessive quantitles of distilled mercury may drop
back into the reservoir together with any reaction products which
flake off the wells cf the tube. To prevent these reaction prod-
ucts from "polsoning" the mercury surface, the nickel tubing is ex-

tended below the surface so that the region below the 1/8" holes
acts as a trep.

It 18 essential for proper operation that the flow of mer-
cury from the reserveir %o the cold spot =squal or exceed the flow of
616, A factor of %two is recommended to take care of temporary high
616 flows. This requirement limits the distance from the ccld spst
to the mereury ressrvoir for a given *ubing =ize. In Figure IX..-8
this distance is shown as 6" of 1/4" nickel iubing. If we assume the
mercury pool at room temperature {259C) and the cold spobt at -200C,

* the flow will be approximateliy, :

A 25°C el Hg-20° - 1.8 x4;0‘3 = 5.2 x 1072 86, am/sec.
Ryg _ 13,1 x 10™7 x 2.64

To make certain that the Hg does not condense befcre reach—
ing the cold spot, a werming fin is attached. This also prevents any
excessive cooling of the regervoir and thus assures smpie flow of
mercury %o the cold spot. Should the condensdion point shift, the
point of reaction with 616 would also tend to shift. This would be
equivalent to changing the position of the 616 remover shown in Figurs .
II.4~6 und hence would alter the Pirsni gage reading.

\
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The location of the reaction point depends.upon the tempera-
ture of the cold spot. The nature of the dependence can be predicted
by celculating the position of the actual point of reaction. Since
‘one mole of 616 reacts with one mole of mercury the flow of mercury
must equal the flow of 616 at the reaction point. Assume ihat a mer-
cury supply exists at the cold apot and furthermors that the pressure

mercury at the cold spot, Py,, is determined by the temperature of
the cold spot. KEnowing the flo'ﬁ of mercury, the resistance to the
point of sero pressure of meroury, which is the reaction point, can
be determined., Hence we may write

‘Pgg = Y66
Big

vhere Rﬂf i8 the resistance to flow of mercury aneasured from cold spot

:g %zt on peint. Solving for Rgg and substituting the normal value

o
"

A\

Bgg = DPHg
8, Rodde X 1072

: Por 154" nickel tui:ing the resistance to flow for mex?cury ia about 5.5
~y - x 10" secfoc in. Hence, if 1/4" nickel tubing is used, the distance
— between cold spot and reaction point will be v

D =gy
= 7.4 x 103 inches
. TEze3 C THe*

The table blow glves D as a function of cold spot temperature.

20 8.9
10 3.7
0o : 1.4
~10 Q.45
-20 0.14

- By comparing the change in D with the 3l1.4 inches normally
between Pirani gage ard reaction point, theeffect of cold spot temper-
ature changes can be evaluated. For example, the change in Pirani gage .
reading caused by changing the cold spot temperature from -10°C to -20°C
will be about one per cent. The higher the temperature the more critical
it becomes. In practice, the cold spot is maintained st about -20°C. Dry

‘ice slukh is used as a cooling agent.
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Figure II.,-2 shows the experimentslly detsrmined effect of
changing the cold spot temperature. Figure II.4-9 shows the affect of
changing the temperature of the mercury pool.

e
f. Relation of ionized gas to semplo gas

The ionimation occurs in the lonisation chember., The compo-
‘#ition of the gas in this chamber 1s determined by that of the residual
gaties plus that which flowa in via the gas inlet system. The residusl

gas pressures are, under operating conditions, negligibly small in com-

- parison to the gas pressure developed by the inflowing gas. Oply ia
the case of very small percentages of impurity is the residual of im-

portance, Acouracy for small per cents of impurities may in some cases

be improved by subtracting residual, .

A much more difficult problem arises in the reduction of the
plant gas pressure to s pressure sufficiently low for the proper oper-
ation of the line recorder. The pressure reduction is accomplished
 with an adjustabls leak, merely an adjustable constriction of very
small dimensions. At the low pressure emd the flow is that of geses
at low densities. As mentioned in Section I-2 the resistante to flow
_at low pressures varies as the square root of the molecular weight.

From this consideration, one might expect, with a mixture of two gases— -

~of molecular weight Mj and Ny, the fallowing relation to holdt
PY/Q It
% ¥ M3

o
‘where P] and P2 are thd partial pressures of the two gases at the high

pressure side of the leak. Q1 and Q2 are the respective flows of the
geses through the leak. - -

,Lctually#moat feasible lesi constructions lead to-a ratio
wrutwm one and ‘[ s .. PFurthermore, the ratio

depends upon the pressure on the hi_ghlpreasure side. If 1t were pos-
sible to use as a leak & small holse in a thin diaphragm, the factor
would probably befil; and would very likely be independent of pressure.

The selutidn, hovaﬂ'r, was obtained by making the ratis unity. This
was accomplished by inserting a capillary 5 inchea long and 6 miis -
inside dismeter betwsen the adjustable leak and the system to be
sampied. This does not prevent the lesk from fractionating or sepa~
rating tut compensates for it by permitting the formation of ‘2 region
just prior to the lesk vherein the composition of the inflowing ges
is changed and in such a way that the repsulting ratio of flow through
leak to partial pressure in semple is the same for all components.

R
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Consider the case of 616 and air. The air flows through the
lesk faster than the 616, This depletes the air concentration prior
to the leak, To compensate for this depletion, air diffuses into the
region. The rate of diffusion, however, is slow compared to the rate
af gas flow through the capillary due to the small cross section of
the capillary. A plot of air cracentration prior to the leak might
look approximately as shown in Figure 11.4-10.

If the capiliary is sufficiently long, the depletion at the
point of entry from the sample lines will be insignificant. This means
that the components of gas entering will be in constant proportion to
their partial pressures. By the conservation of mass it may be con-
cluded the ges components coming out the low pressure sids of the leak
are also in constant proportion to their partial pressures in the
sample lines. By selecting a capillary of proper dimensions this con-
stant proportiocnality may be maintained over the range of flowa end
presasures likely to be encountered in plant operation. Figure II. -1l
givestheexperinentally determined relation between sample analysis and
pressure in sample lines. The curve was obtained with a standard leak
and capillary by varying the sampls pressure while keeping the Pirami
gage constant through readjustment of the leak. On Figure II.4~12 are
-8hown curves taken in the same way ‘for similar leaks without the capil-
lary. Note the large change in anslysis with ssmple pressure as com-
pered to little or no change when the capillary is used.

The capillary has an undesirable action in that it increases
the time required for a change of composition in the sample lines to
register on the line recorder output. The added time is thai required
to displace the volume of the capillary at the flow rate used. For a
constant flow rate, the time willl obviously inorease in proportion to
sample line pressure. While it is difficult to measure the time lag
due to the capillaxy, the overall time response of the line recorder
has been memsured. Figure II.4-13 gives the results of these tests.
The 616 was circulated through the sample lines at a definite pres-
sure, a small quantity of air then introduced, and the line recorder
air peak measured as & function of time. The initial delay before
the peak begins to rise is due to the time required for cleaning the
volume in the capillary. The time required to build up to full value

after the peak begins to rise is due to the time constant of the gas
inlet lines. i

e gelatiog of Igna formed to Gasa Owition

The grodnc‘bion of ions by electron bombardment has ;been dig-
cussed in Section I-~4. The number of ions formed dspends ugon the
energy of the electrons, the number of electrons, the gas pressure,
and the type of gas. Theorstically, the dependence on the number of
elecirons and on ges pressure is that of straight proportionality at
least in the range of pressures and electron currents likely to be

—ql-
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encountered in line recorders. Figure II.4-14 shows the experimentally
determined relation between emission and ion currents, for various gases.
The ion currents in this case are measures of the number of ions formed.
The relation between Pirani gage and 14 peak shown in Figure II.4-5 is
essentially that of pressure versus number of ions since the Pirani gage
reading is proporticnal to flow which in turn is proportional to pressure.
In Figure II.4-15 the experimentally determined relation between ion cure
rents and electron energy is shown for various gases. The data were obe
tained by using a mixture of gases rather than running each gas individ- '
ually. These curves are similar to the iomization efficiency curves dis- il
cussed in Section I-4., They differ in that the variation in jion current

with electron energy is due not only to changes in iomization efficiency

but also other'effects such as changes in electron distribution and sube

sequent changes in relationship between measured ion current and number
of ions formed.

It is evident that emission current and electron energy must
be carefully controlled if consistent resultsare to be obtained. Elec-
tronic regulators are used to maintain toth emission and electron energy
constant. In some cases where ions of two or more different masses are
formed from the same gas it is possible to choose a particular kind of
dion which displays less tendency to change with electron energy. As an

. example, take the case of 816, which produces ions of various masses
such as those which give the 69, 31 and 131 peaks shown in Firure II.4-15.
For large amounts of 816 the 69 peak is too large to e measured. This
necessitates the reading of one of the other smaller peaks such as the
31 or 131. From Figure I11.4-15 it is evident that from a standpoint- of

fluctuations in electron energy the 131 peak would yleld the more cone=
-sistent results,

It was stated that the number of ions formed is directly pro=- ,

' portional 1o pressure and Figure II1.4<5 was offered as experimental evidence
of this fact. This assumes constant resistance to flow at the ioniza-

tion chamber since the pressure in the ionization chamber is determined
by the product of flow and resistance to flow, Any variation in resist-
ance to flow at the ionization chamber will change the number of ions
formed for a given flow and hence, give inaccurate analyses. The resist=
ance to flow is determined by the geometry of the line recorder tube,
pumping lead, and the effective resistance of the mercury diffusion

pump and cold trap. The geometry is constant but the effective re-
sistances vary to some extent with the temperature of the cold trap

and the temper:ture of the cooling water for the diffusion pump. Un=-
like the previous case concerning the resistsnce to flow at the Pirani
gage, these effective resistances constitute approximately 10 per cent .
of the resistance to flow at the ionization chamber. In Figure 1I.4-16
is shown the measured change in ion current with change in average tem=~
perature of the cooling water. The variation, in peak height with tem- S
perature, is not extremely rapid and consequently a few degrees change S
will be tolerable. However, the flow of cooling water should be watched ’
because if it is reduced apprecjably a large change in temperature might
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occur. Note that the 69 peak does not vary in the same mamner as the
other peaks. This is due to the fact that it comes from 816 which is

condensed in the cold trap and consequently is not affected by a change
in the mercury diffusion pump,

Once one has established a consistent method of forming ions,
an adecuate system of forming ion currents which nay be measured on the
feedback amplifier must still be provided. This is the function of the
source and magnetic analyzer. Briefly, the ions formed in the ioniza=
tion chamber are subjected to a series of electric fields which colli-
mate the ions into a beam and impart to each ion a definite amount of
kinetic energy. The beam is then passed tlircugh a magnetic field which -
separates the beam intv a series of converging beams containing ions
of a particular type. The individual teams diverge one from the other.
Fach of the beams are in turn trought to focus on an exit slit which
allows it alone to pass through and hit the collector. The focusing
of a particular beam on the exit slit is accorplished by adjusting
the total voltape used to accelerate the ions at the source. By
changing the total accelerating voltage different ions are brought
to focus on the exit slit. Because of the wide range of mass involv=
ed the ion source must be made to function over a wide range of volt=
age. Uifficulty arises in that there is a tendency for ion sources
to become less efficient at low voltages. The ion source used in
the line recorder is designed to maintain satisfactory efficiency
over the range of voltages involved. The zetial change in efficiency
has been reasured for the line recorder source and is shown in Fig-
ure II.4-17. Stabilized voltage supplies maintain constant effici<
ency at a given voltage. In addition to the requirement of consistent
efficiency, the ion source must be capable of forming a sufficiently
compact beam of ions. If the beam is too thick the analyzer will be

- unable to adequately separate the ions of different mass. The sepa-

~ ratlon of mass 28 from mass 29 at the collector end of the line re=-
corder is about 2.7 millimeters. Since the. collector slit is 1.6
millimeters wide, an ion beam over 1.1 mm. thick would mean that in
scanning the spectrum batween the 28 and 29 peaks no point could be
found where no ions were hitting the collector. This does not mean
that 28 and 29 peaks are not resolved. Total separation of 28 and
29 is obtained until the thickness of the ion beam exceeds 2.7 milli-
meters. The ion source employs a series of plates which, vhen held
at the proper voltages, enable the formation of electric fields which
collimate and focus the ions into a beam sufficiently thin. A pair
of split plates is provided to enable compensation for any mechanical

misalignment or displacement of ions due to the magnetic field of the
source magnet.

In the experimental determination of source characteristics,
a system simllar to that used for multi-element radio tubes'is employed.
The potential of JS was chosen as the independent variable and curves
.determined for various combinations of voltages on J1 and J3. In every
case the voltage on J2 was adjusted for maximum sensitivity; this setting

I“.
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for the most part remained constnab with a given voltage on Jl. Tests
wers conducted on four line recorders and as with radio tubes the char=
acteristic curves obtained were found to be similar in shape but not
exactly alike., A typical set of characteristic curves are shown in
Flgures IT.4-18 to II.4=25. (For these rrichines the emission regulator
was So constructed that the fine adjustme.t was on J2, not Jl).

Not plotted on the graphs is the ratio of 28 to 29 peak. This ratioc
was found to remain constant even tnough the 28.5 to 29 ratio became

unity, indicating the 28 and 29 peaks are resolved even with the poor
"apparent resolution®. : B

he OQverall Performance of the line Recor.er

Tests indicate that the line rccorder design is satisfactory
and practical. One unit has been in coiiinuous operation for six months,
during which time it has been used to rvn analyses for a pilot plant.
The entire set up including the manifoliiing were similar to that which
is to be used in the plant, alt ough or. a smaller scale. The pilot.

. plant analyses obtained from these ope:-ztions were found to bLe accurate
and reliable, Theoretical considerat’ons as well as other methods of
measurement permitted a close check ~n their accuracy., In view of all

tests made it is belleved that measvrements accurate to within two

per cent of the measured value .can readily be attained., Careful oper-
ation can undoubtedly improve upor this figure. The two per cent accu=-
racy, of course, does not necesss-ily apply to measurements involving -
very small or very large amounts of impurity. Figure II.4-1 gives

the overall performance as detevmined by the analysis of calibration
samples., Samples were prepared from day to day and any inaccuracies
in sample preparation would avpear on Fi:ure IT.4-1. The smllest
amount of impurity which may be measured with a given accuracy de~
pends upon the gas. In gerrral the readings become inaccurate when
the impurity peak is but a {ew times greater than the residual peak

at the same mass, For air and fluorocarbons measurements of very

low percentages are possibla while gases such as HF and BF3 cannot

be measured with accuracy cven though they constitute a per cent or
more of impurity.

%When a machine is first put into operation some time is re-
quired before accurate analysis can be made. Tests on several mach-
ines showed that 10 hours or so would be ample even under the most
unfavorable conditions and in most cases far less time would be re-
quired. The results of tests on one machine is shosn in Figures
IX.4-26 and II.4-27. Moist air was allowed to stand in the entire
tube and manifold for twelve hours before starting the experiment.
Zero time coincides with the point at which the pumps were started.

i. Typical Operating Conditions

It is intended to swummarize here the manner in which the
various components of a line recorder and the line recorder as a whole
may be expected to operate when all goes well, These data have been ob=-

G4~ o
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tained from a study of five line recorders operating simuitaneously
over a pericd of a few months. These data may be used as a guide in
Judging whether any line recorder, when recently started uvp, is -
forming properly.

1]
]
i

%hen the line recorder is prepared for operation in the
manver presented in Section II-2 one may expect o find that the
items listed in the following table hold fairly well.

Potential between shield and J1 100 volts
Potential between shield and J2 105 volts
Potential between shield and J3 120 volts
Potential between J5 and ground 0.5 of potential be=-

tween shield & ground
Potential between shield and trap 90 wolts

Potential between filament & shield 75 wolts
Total emission : 100 microamperes

Trap current 100 microamperes
Ratio of 28 to 29 for nitrogen 120
Ratio of valley Letween 28 and 29

peaks to 29 peak for nitrogen 0.3

Source magnet strength at center ’

of gap 250 gauss
Main magnet strength 3250 gauss

Mass 28 accelersting voltage
Source and main magnet fields
in same direction

1050 volts

The following data on typical residuals and sensitivities
~will hold for either of the following modes of operation.

"4 grid resistor of S x 107 ohme and emission of 100 microamperes
grid resistor of 2 x 1010 ohms and emission of 25 microamperes

listed below are the maxi=mum expected values of the residuals:

Mass Peak Height (scale "nit)
14 3

20 - : 1000

28 40

32 _ 5

44

EarSolr N

S0 in beginning, reduces with tim

69 . & after C-816 has been run in recorder

A typical spectrum, as obtained upon the mamuzl divider, for residuvals is
included as Figure II.4-28,

If 100% air is run through the line recorder with a Pirani gage
reading of 50, the mass 14 peak may be expected to run between two and
four thousand. The 28 peak will be off scale and the 32 peak will run
between five and ten thousand. The higher end of this range is also off
scale. For samples containing 1% 816, with a Pirani reading of 50, the
69 peak will be between one thousand and fifteen hundred. Typical spectra,
as obtained with the manual divider, for room air and for 816 are included
on Figures IX.4-29 and II:;4-30.
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